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SUMMARY
1. The aim o f  t h i s  w ork was to  in v e s t ig a te  th e  in f lu e n c e  o f  c o ld  s to ra g e
o f  raw m i lk  p r i o r  t o  p ro c e s s in g  and p ro d u c t m a n u fa c tu re  on th e  q u a l i t y
o f  th e  p a s te u r iz e d  fn i lk  and p ro d u c ts  d e r iv e d  fro m  i t .  The w ork in v o lv e d  
a s tu d y  o f  th e  q u a l i t y  o f  raw m i lk  fro m  a b u lk  s i l o  purchased  from  a 
d a ir y  fa c to r y  in  th e  West o f  S c o tla n d . Three t r i a l s  were unde rtaken  
d u r in g  th e  p e r io d  1979-1980. The raw  m ilk s  were d e l iv e r e d  by road  
ta n k e r  in  q u a n t i t ie s  o f  a round 2 ,500  l i t r e s  f o r  each t r i a l .  On d e l iv e r y  
a p o r t io n  o f  th e  cons ignm ent was im m e d ia te ly  p rocessed  and th e  re m a in d e r 
was s p l i t  i n t o  tw o equ a l am ounts, one o f  w h ich  was h e ld  a t  2°C f o r  2 , 4
and 7 days and th e  o th e r  a t G°C f o r  th e  same t im e .
P a s te u r iz e d  m ilk s  were produced on. th e  day o f  d e l iv e r y  and a f t e r  2 , 4 and 
7 days o f  c o ld  s to ra g e  a t  each te m p e ra tu re . Samples o f  p a s te u r iz e d  m i lk  
were s to re d  a t  a r e f r ig e r a t o r  te m p e ra tu re  o f  4°C f o r  3, B and 9 days.
The m ic r o b io lo g ic a l  q u a l i t y  o f  raw  and p a s te u r iz e d  m ilk s  was assessed 
u s in g  t o t a l  co lo n y  c o u n t, c o l i fo r m  c o u n t, p s y c h ro tro p h ic  c o u n t, l i p o l y t i c  
c o u n t, p r o t e o ly t i c  co un t and th e rm o d u r ic  c o u n t, and te s t s  were made f o r  
a n t i b io t i c  re s id u e s  in  th e  raw m ilk s .  The mean m ic r o b ia l  co u n ts  o f  raw 
m ilk  s to re d  a t  6°C f o r  2, 4 and 7 days were s ig n i f i c a n t l y  h ig h e r  tha n  
th e  mean m ic r o b ia l  co un ts  o f  raw  m i lk  s to re d  a t 2°C, f o r  2 , 4 and 7 days.
The p a s te u r iz e d  m ilk s  p repa red  from  raw  m ilk  on d e l iv e r y  by road  ta n k e r
and a f t e r  s to ra g e  a t  2°C f o r  2 and 4 days d id  n o t d i f f e r  s ig n i f i c a n t l y  
in  t h e i r  m ic r o b ia l  c o u n t. There was a h ig h ly  s ig n i f i c a n t  in c re a s e  
Cp < 0 .0 0 1 ) in  th e  m ic r o b ia l  co un ts  o f  th e  p a s te u r iz e d  m i lk  p re pa re d
from  raw m i lk  w h ich  had been s to re d  f o r  more th a n  4 days a t  2°C, w h ile
th e  p a s te u r iz e d  m ilk s  p roduced fro m  raw  m i lk  s to re d  a t  B*^ C f o r  more than  
2 days showed h ig h ly  s ig n i f i c a n t  in c re a s e s  tp < 0 .0 0 1 ) in  th e  m ic r o b ia l 
coun ts  compared w ith  i n i t i a l  le v e ls .
In  th e  case o f  p a s te u r iz e d  m ilk s  p roduced fro m  raw m i lk  s to re d  a t 2°C 
and ke p t f o r  3, 6 and 9 days a t  4°C th e re  was no s ig n i f i c a n t  change in  
th e  m ic r o b ia l  co un ts  compared to  th e  i n i t i a l  v a lu e  o b ta in e d  im m e d ia te ly
a f t e r  p ro c e s s in g . W ith  p a s te u r iz e d  m ilk s  produced fro m  raw m ilk  s to re d  
a t B°C th e  day o f  p ro c e s s in g  m ic r o b ia l  coun ts  were h ig h e r  a f t e r  4 and 7 
days o f  s to ra g e  than , th e  i n i t i a l  v a lu e  and a f t e r  th e  raw  m i lk  was he ld  
f o r  2 days a t B°C, S im i la r ly  th e  co u n ts  o f  th e  p a s te u r iz e d  m ilk s  he ld  
a t 4°C had h ig h e r  Cp < 0 .0 0 1 ) co u n ts  tha n  th e  i n i t i a l  v a lu e s  a f t e r  3 , 6 
and 9 days o f  s to ra g e .
The mean t o t a l  co lony, c o u n t o f  sam ples o f  raw m i lk  ta ke n  on d e l iv e r y  by 
road ta n k e r  was 203 x 10^ p e r m l [ f i r s t  t r i a l  1B1 x 10^ p e r m l, second 
t r i a l  341 x 10^ p e r m l, t h i r d  t r i a l  105 x 10^ p e r m l) ,  w h ile  th e  p rocessed  
m ilk  take n  fro m  th e  raw  m ilk  above gave a mean coun t o f  48 x lO ^p e r m l 
[ f i r s t  t r i a l  10B x 10^ p e r m l, second t r i a l  30 x 10^ p e r m l,  t h i r d  t r i a l  
85 X 10^ p e r m l) .  None o f  th e  p a s te u r iz e d  m i lk  sam ples produced from  
raw m ilk  on d e l iv e r y  by road  ta n k e r  and a f t e r  s to ra g e . / fo r  2, 4 and 7 days 
a t 2°C and B°C showed any c o u n t o f  c o l i fo rm s  o r  p s y c h ro tro p h s  im m e d ia te ly  
a f t e r  p ro c e s s in g  o r  a f t e r  s to ra g e  o f  th e  samples f o r  3 , B and 9 days a t 
4°C.
2. T h e .c h e m ic a l q u a l i t y  o f  raw and p a s te u r iz e d  m ilk s  was d e te rm ine d  by 
a n a ly s is  f o r  f a t ,  pH, t i t r a t a b l e  a c id i t y ,  cream l i n e ,  f r e e z in g  p o in t  
d e p re s s io n , f r e e  s u lp h y d ry l g roups  [F -S H ), c a lc iu m , t o t a l  s o l id s ,  a c id  
degree v a lu e  CADV) and phospha tase  t e s t  [p a s te u r iz e d  sam ples on day o f  
p ro c e s s in g ) .  No s ig n i f i c a n t  change was found  in  th e  f a t  c o n te n t o f  
raw and p a s te u r iz e d  m ilk s  d u r in g  th e  s to ra g e  t im e  a t d i f f e r e n t  te m p e ra tu re s . 
The pH v a lu e  o f  th e  raw  m ilk  on d e l iv e r y  by road  ta n k e r  and a f t e r  s to ra g e  
a t  2°C f o r  2 and 4 days showed no s ig n i f ic a n t  change. S to rage  a t 6°C 
f o r  4 days a f fe c te d  th e  pH v a lu e  and a s ig n i f ic a n t  d i f fe r e n c e  [p < 0 .0 5 ) 
was found  in  th e  pH v a lu e  o f  raw  m ilk s  he ld  a t  2*^C f o r  7 days. The 
same s ig n i f i c a n t  change was found  w ith  raw m i lk  a f t e r  4 days s to ra g e  a t 
B°C, The v a lu e  c o n tin u e d  to  change f o r  th e  re m a in in g  3 'days o f  s to ra g e  
o f  th e  raw  m ilk s  a t  B°C. S im i la r  changes were fo u n d  in  p a s te u r iz e d  
m ilk s .
No s ig n i f i c a n t  d i f fe r e n c e  was found  in  th e  t i t r a t a b l e  a c id i t y  o f  raw 
m ilk  s to re d  a t  2°C f o r  2 , 4 and 7 days , w h ile  s ig n i f i c a n t  changes [p <
0 .0 0 1 ) were fou n d  fro m  th e  second day o f  s to ra g e  a t  6°C. H ig h ly  
s ig n i f i c a n t  d i f fe r e n c e s  were fou n d  in  th e  t i t r a t a b l e  a c id i t y  o f
p a s te u r iz e d  m ilk  p roduced  fro m  raw m i lk  he ld  a t  6°C a f t e r  th e  second 
day o f  s to ra g e  and in  th e  sa m e .p a s te u riz e d  m ilk s  a f t e r  s to ra g e  f o r  3, 6 
and 9 days a t  4°C, w h ile  th e re  was no s ig n i f i c a n t  change in  th e  
t i t r a t a b le  a c id i t y  o f  p a s te u r iz e d  m i lk  produced from  raw  m i lk  s to re d  a t  
2°C f o r  up to  7 days and ke p t f o r  3 , 6 and 9 days a t 4°C a f t e r  p ro c e s s in g ,
No s ig n i f ic a n t  d i f fe r e n c e  was fou n d  in  th e  cream l in e  o f  raw m i lk  s to re d
a t 2°C and 6°C f o r  up to  7 days . H ig h ly  s ig n i f ic a n t  d i f fe r e n c e s  were
found in  th e  cream l in e  o f  p a s te u r iz e d  m i lk  produced fro m  raw  m ilk
s to re d  a t 6°C f o r  2 days compared t o  day o f  d e l iv e r y  v a lu e s  and th e se
o b ta in e d  w ith  raw m i lk  h e ld  a t  2°C b e fo re  p ro c e s s in g . N e ith e r  th e
o
s to ra g e  p e r io d  n o r th e  te m p e ra tu re  a t  2 C a f fe c te d  th e  f r e e z in g  p o in t  o f  
raw m i lk  w h ile  in  th e  case o f  th e  raw  m ilk  s to re d  a t  6°C a h ig h ly  
s ig n i f ic a n t  change had ta k e n  p la c e  a f t e r  7 days. The same s ig n i f i c a n t  
change was fou n d  in  th e  f r e e z in g - p o in t  f o r  p a s te u r iz e d  m ilk  produced 
from  th e  raw  m i lk  h e ld  a t  6°C f o r  7 days .
No s ig n i f ic a n t  d i f fe r e n c e  was obse rved  in  F-SH due to  e i t h e r  th e  le n g th  
o r  th e  te m p e ra tu re  o f  s to ra g e  o f  raw  m i lk .  On th e  o th e r  hand, 
p a s te u r iz e d  m i lk  p roduced fro m  th e  same m i lk  showed a s ig n i f i c a n t  d i f f e r ­
ence (p < 0 .0 5 ) in  F-SH le v e ls  due t o  th e  p e r io d  o f  s to ra g e  a t  4°C.
No s ig n i f ic a n t  d i f fe r e n c e  was fou n d  in  th e  ca lc iu m  c o n te n t o r  th e  t o t a l  
s o l id s  o f  b o th  raw and p a s te u r iz e d  m ilk s  due to  e i t h e r  th e  le n g th  o r  
th e  te m p e ra tu re  o f  s to ra g e  b e fo re , o r  a f t e r  p ro c e s s in g .
Very h ig h ly  s ig n i f i c a n t  d i f fe r e n c e s  Cp < 0 .0 0 1 ) in  ADV were a s s o c ia te d  
w ith  th e  le n g th  o f  s to ra g e  o f  th e  raw  m ilk  b u t th e  te m p e ra tu re  had no 
e f f e c t .  However, b o th  th e  le n g th  o f  s to ra g e  and te m p e ra tu re  o f  
s to ra g e  caused v e ry  h ig h ly  s ig n i f i c a n t  d i f fe re n c e s  Cp < 0 .0 0 1 ) in  th e  
ADV o f  p a s te u r iz e d  m i lk s .
3. Sensory e v a lu a t io n  o f  raw m ilk s  in d ic a te d  th a t  th e re  were no 
s ig n i f ic a n t  d i f fe r e n c e s  in  th e  appearance o f  th e  m i lk  due t o  e i t h e r  
d u ra t io n  o r  te m p e ra tu re  o f  s to ra g e .
Very h ig h ly  s ig n i f i c a n t  d i f fe r e n c e s  Cp < 0 ,0 0 1 ) in  th e  odour o f  raw 
m ilk s  were found  a f t e r  th e  second day o f  s to ra g e  a t 6°C w h ile  a
s ig n i f ic a n t  d i f fe r e n c e  Cp < 0 .0 5 )  in  odour sco re s  was found  a f t e r  th e  
fo u r th  day o f  s to ra g e  a t  2°C.
F la v o u r  C ta s te ) sco re s  showed h ig h ly  s ig n i f i c a n t  change Cp < 0 ,0 1 ) due 
to  s to ra g e  a t  B°C w h ile  no s ig n i f i c a n t  change in  f la v o u r  was a s s o c ia te d  
w ith  raw m i lk  s to re d  a t  2°C.
The t o t a l  sco res  o f  raw m ilk s  Cand c o rre s p o n d in g  p a s te u r iz e d  m ilk s )  
showed v e ry  h ig h ly  s ig n i f i c a n t  decrease  Cp < 0 .0 0 1 ) o n '.s to ra g e  a t  B°C 
and no s ig n i f i c a n t  d i f fe r e n c e  where s to ra g e  was a t  2°C u n t i l  th e  fo u r t h  
day o f  s to ra g e . F r u i t y ,  a c id ,  m a lty ,  and b i t t e r  f la v o u r s  were 
id e n t i f i e d  in  raw and p a s te u r iz e d  m ilk s  he ld  a t  2°C and B°C.
There was no s ig n i f i c a n t  d i f fe r e n c e  in  th e  t o t a l  o rg a n o le p t ic  sco res  o f  
p a s te u r iz e d  m ilk s  h e ld  a t  r e f r i g e r a t o r  te m p e ra tu re  C4°C) f o r  up to  9 
days a f t e r  p ro d u c t io n  fro m  raw  m ilk s  h e ld  a t 2°C fo T  up to  7 days, whereas 
h ig h ly  s ig n i f i c a n t  d i f fe r e n c e s  in  t o t a l  sco res  were found  w ith  th e  
c o rre s p o n d in g  p a s te u r iz e d  m ilk s  p re p a re d  fro m  raw m ilk  he ld  a t  B°C,
4. A h ig h ly  s ig n i f i c a n t  c o r r e la t io n  was found  between th e  d i f f e r e n t  
m ic r o b ia l co un ts  [ t o t a l ,  c o l i f o r m ,  p s y c h ro t rp p h ic ,  l i p o l y t i c ,  p r o te o ly t ic  
and th e rm o d u r ic )  f o r  raw and p a s te u r iz e d  m ilk s  and between a l l  o f  the se  
co u n ts  [e x c e p t c o l i fo r m  and p s y c h ro tro p h ic  w h ich  were n e g a tiv e  in  th e  
p a s te u r iz e d  m ilk s )  and th e  a c id  degree v a lu e .
Free s u lp h y d ry l g roups c o r r e la te d  n e g a t iv e ly  w ith  th e  sco re s  o f  th e  
appearance , o do u r, f la v o u r  C ta s te ) and t o t a l  sco re s  o f  th e  raw and 
p a s te u r iz e d  m ilk s .
ABBREVIATIONS
The s ta n d a rd  a b b re v ia t io n s ,  as recommended by th e  B r i t i s h  S tandard  
I n s t i t u t i o n ,  B .S . 1991 : P a r t 1 C197B) a re  used in  t h i s  t h e s is ,  w ith  
th e  fo l lo w in g  a d d i t io n s : -
F V r e s t  » The day o f  d e l iv e r y  compared w ith  th e  mean va lu e  
o f  th e  o th e r  days o f  s to ra g e
RM *  Raw m ilk
PM “  P a s te u r iz e d  m ilk
DF “  Degree o f  freedom  “  n -  1
MS “  Mean o f  Sum Squares = Cx -
REP *  R e p lic a te s
SE « S tanda rd  E r r o r  *  V R e s id u a l MS
SED w S tandard  E r r o r  o f  D if fe re n c e s  o f  Means = V R e s id u a l
MS/N [ in d iv id u a l  v a r ia n ts )
Bbir
VR = V a r ia n c e  R a t io  = Msl in d iv id u a l  v a r ia n ts /M S ÎR e s id u a l
PD « The p a s te u r iz e d  m ilk  on th e  day o f  d e l iv e r y
ADV = A c id  degree v a lu e
F-SH « F ree s u lp h y d ry l g roup
SMMB = The S c o t t is h  M ilk  M a rk e tin g  Board
F ig .  = F ig u re
THE INFLUENCE OF COLD STORAGE OF MILK ON THE 
QUALITY OF PROCESSED,MILK AND MILK PRODUCTS
INTRODUCTION
The e f fe c t  o f  raw  m i lk  q u a l i t y  on th e  s h e l f  l i f e  o f  th e  p ro d u c t
U n lik e  s t e r i l i z e d  and UHT m i lk ,  p a s te u r iz e d  m i lk  has a r e l a t i v e l y  s h o r t  
s h e l f  l i f e  o r  s h o r t  keep ing  q u a l i t y .  In  th e  U .S .A . i t  i s  g e n e ra l ly  
expected  th a t  p a s te u r iz e d  m i lk  can rem a in  in  a c c e p ta b le  c o n d it io n  f o r  16 
days o r  even lo n g e r ;  in  some European c o u n tr ie s  a s h e l f  l i f e  o f  10-14  
days is  n o t uncommon C S to rg a rd s , 1961; Langeve ld  e ^  a l . , 1973).
In  some o th e r  c o u n t r ie s  p a s te u r iz e d  m i lk  has a much s h o r te r  keep ing 
q u a l i t y ,  e .g .  3 -5  days o r  even le s s .  Under id e a l c irc u m s ta n c e s  i t  has 
been shown p o s s ib le  to  p roduce  p a s te u r iz e d  m i lk  w ith  a keep ing  q u a l i t y  
in  excess o f  170 days CAshton, 1962) by u s in g  s t r i c t  h y g ie n ic  p re c a u t io n s  
in  p a s te u r iz e d  m i lk  p ro d u c t io n  and d u r in g  s to ra g e  a t  2 .2°C  to  3 .3°C  
(36 to  3 8 °F ).
In  a g e n e ra l re v ie w  o f  th e  d a ir y  in d u s t r y ,  Johnson C l979) suggested t h a t  
many fa c to r s  must be c o n s id e re d  to  a ssu re  adequate  p ro lo n g e d  s h e l f  l i f e  
in  f l u i d  m i lk  and m i lk  p ro d u c ts .  He p o in te d  o u t t h a t  f o r  many y e a rs , 
d a i r y  s c ie n t is t s  have been e x p lo r in g  mechanisms th a t  a f f e c t  s h e l f  l i f e  
and many papers  have been p u b lis h e d  d e a lin g  w ith  s p e c i f i c  a sp e c ts  o f  m i lk  
q u a l i t y .  The s h e l f  l i f e  o f  p a s te u r iz e d  m i lk  i s  a f fe c te d  by many th in g s  
fro m  raw  m i lk  h a n d lin g  th ro u g h  p ro c e s s in g , d i s t r ib u t io n  and s to ra g e  to  
th e  consum er’ s r e f r ig e r a t o r .  A c c e p ta b le  s h e l f  l i f e  f o r  p a s te u r iz e d  m ilk  
was co n s id e re d  by Johnson C l979) t o  be ” processed m ilk  h av ing  f re s h  
f la v o u r  and aroma f o r  21 o r  more days when h e ld  a t s u i t a b le  r e f r ig e r a t o r  
te m p e ra tu re s ” . C le a n in g  and s a n i ta t io n  are. im p o r ta n t f o r  p ro d u c in g  
h ig h  q u a l i t y  m i lk  on th e  fa rm  and th ro u g h  d e l iv e r y  and p ro c e s s in g  s ta g e s .
E f fe c t  o f  th e  s to ra g e  te m p e ra tu re  on th e  keep ing  q u a l i t y  o f  th e  m i lk  
b e fo re  and a f t e r  p ro c e s s in g
Many a u th o rs  found  t h a t  th e  s h e l f  l i f e  o f  p a s te u r iz e d  m i lk  as d e te rm in e d  
by i t s  o rg a n o le p t ic  p r o p e r t ie s  -  v is u a l  appearance , s m e ll and f la v o u r  -  
i s  r e la te d  t o : -
1, th e  b a c te r ia l  f l o r a  o f  th e  raw  m ilk  a t th e  t im e  o f  p ro c e s s in g ,
2, b a c te r ia l - d e r iv e d  l ip a s e s  and p ro te in o s e s  w h ich  a re  p re s e n t in  th e  
raw m i lk ,
3, th e  e f f ic ie n c y  o f  h a n d lin g  and tre a tm e n t C ID F /F IL , 1980 ).
I t  was fo u n d  t h a t  raw , p a s te u r iz e d  and s t e r i l i z e d  m i lk  w ith  v e ry  h ig h  
coun ts  were c h ie f l y  due to  c o n ta m in a tio n  by d i r t y  m i lk in g  equ ipm ent, m i lk  
cans and consumers v e s s e ls  a t  v a r io u s  s tages  fro m  p ro d u c e r to  consumer 
CGernez-Rieux and B u t t ia u x ,  1947 ).
C handrasekhar C l9 5 1 ), s tu d ie d  th e  e f f e c t  o f  r e f r ig e r a t io n  on th e  
b a c te r io lo g ic a l  q u a l i t y  o f  raw  and p a s te u r iz e d  m i lk  a f t e r  he had 
in c u b a te d  one s e t  a t  3-5°C  f o r  21 days and th e  o th e r  se.t a t  3D°C f o r  th e  
same t im e .  When sam ples were h e ld  f o r  3 days a t  3 -5 °C , p la te d  and 
in c u b a te d  a t  3-5°C  f o r  21 days , e le ve n  o u t o f  12 sam ples p la te d  b e fo re  
r e f r ig e r a t io n  had c o lo n y  co u n ts  be low  100,000 p e r ml whereas o n ly  6 o u t 
o f  12 were in  th e  same g roup  a f t e r  24 h, a t  3 -5 °C . S im i la r  e xp e rim e n ts  
w ith  p a s te u r iz e d  m i lk  in d ic a te d  t h a t  p s y c h r o p h i l ic  b a c te r ia  p re s e n t in  
raw m i lk  do n o t s u rv iv e  p a s te u r iz a t io n  te m p e ra tu re s .
G a le s lo o t C l952) obse rved  t h a t  th e  th e rm o d u r ic  co un t o f  th e  m i lk  in c re a s e d  
more a t  th e  h ig h e r  te m p e ra tu re s  and in  summer th a n  in  w in te r  m i lk  when 
m ilk  he ld  f o r  2 to  3 h , a t  te m p e ra tu re  fro m  15 to  45°C b e fo re  la b o ra to ry  
p a s te u r iz a t io n .  The s p e c ie s  re s p o n s ib le  f o r  th e se  in c re a s e d  co u n ts  were 
S tre p to c o c c u s  th e rm o p h ilu s . S tre p to c o c c u s  b o v is , o c c a s io n a lly  S tre p to c o c c u s  
durans and in  one case L a c to b a c i l lu s  p la n ta ru m . The same a u th o r 
suggested t h a t  th e  in c re a s e  i s  due n o t so much to  m u l t ip l i c a t io n  as to  
in c re a s e d  hea t r e s is ta n c e  o f  th e s e  o rgan ism s.
I t  was suggested  t h a t  th e  p o o re r  keep ing  q u a l i t y  o f  th e  m i lk  may be due 
to  th e  adve rse  e f f e c t s  o f  h e a tin g  on b a c te r io s ta t ic  and b u f fe r in g  c a p a c ity  
o f m i lk  and to  th e  c o n t in u a t io n  o f  enzym ic a c t i v i t y  o f  th e  dead m ic r o f lo r a  
[K irc h n e r ,  1959 ).
Thakre & Nambudripad C19B2) r e la te d  th e  keep ing q u a l i t y  o f  raw m ilk  
s to ra g e  a t  4 ° to  37°C and p a s te u r iz e d  m i lk  s to ra g e  a t  5° to  33°C and
re p o r te d  th a t  p a s te u r iz e d  m i lk  had a b e t t e r  keep ing  q u a l i t y  th a n  raw m ilk  
o f  a s im i la r  b a c te r io lo g ic a l  q u a l i t y ,  e s p e c ia l ly  a t  low  te m p e ra tu re .
Hashimoto e ^  a l . [19643 s tu d ie d  88 sam ples o f  p a s te u r iz e d  m ilk  in  Japan, 
One had a th e r m o p h i l ic  co u n t o f  > 1 ,000  p e r m l, s ix  a m e s o p h ilic  co un t 
o f  > 50,000 p e r m l and e ig h t  a p s y c h r o p h i l ic  coun t o f  > 50 ,000  p e r  m l.
Of 30 samples o f  raw  m i lk  te s te d ,  s ix  had a th e rm o p h il ic  coun t o f  > 30 
pe r m l, e ig h t  a m e s o p h il ic  co u n t o f  1 ,0 0 0 ,0 0 0  p e r ml and f i v e  a 
p s y c h r o p h il ic  coun t o f  > 1 ,0 0 0 ,0 0 0  p e r m l. F ra n k l in  [19653 conc luded  
th a t  w i th in  l i m i t s  [depend ing  on th e  g e n e ra l s ta n d a rd s  o f  m i lk  h yg ie n e ] 
th e  c o m p o s it io n  o f  th e  b a c t e r ia l  f l o r a  r a th e r  th a n  t h e i r  numbers i s  th e  
most im p o r ta n t f a c t o r  in ,d e te r m in in g  th e  keep ing q u a l i t y  o f  th e  h e a t-  
t re a te d  m i lk .
Kim a l . [1966 ] in v e s t ig a te d  th e  e f f e c t  o f  s to ra g e  on b u lk  raw  m ilk
c o l le c te d  in  Korea in  May, J u ly ,  O c tob e r and Janua ry  co o le d  to  4 ° ,  20° o r  
30°C and s to re d  f o r  17 h a t  4°C o r  f o r  0 -72  h a t  4°C was p a s te u r iz e d  f o r  
30 m in u tes  a t  63°C, The c o o lin g  te m p e ra tu re  and th e  season o f  th e  ye a r 
had l i t t l e  e f f e c t  on th e  r a te  o f  b a c te r ia l  developm ent d u r in g  th e  f i r s t  
2 h j i n i t i a l  b a c t e r ia l  c o u n ts  on th e  p a s te u r iz e d  m i lk  were < 1 ,000  p e r 
m l, re g a rd le s s  o f  c o o l in g  te m p e ra tu re  o r  se a s o n ;. E s c h e r ic h ia  c o l i  was 
p re s e n t o n ly  in  th e  J u ly  m ilk s  [maximum 700 p e r m l in  sam ples co o le d  a t
4°C and 61,000  p e r m l in  sam ples co o le d  a t  30°C and O c tob e r m ilk s  [maximum
70 p e r m l3.
On Swedish s tu d ie s  (von Bockelm ann, 19693 raw m ilk s  were s to re d  a t  5°C 
f o r  up to  3 days and exam ined a t  d a i l y  in t e r v a ls  f o r  b a c te r ia l  change; 
th e  t o t a l  co u n ts  (p e r m l ] ,  were 1 .6  x 10^, 3 ,8  x 10^ and 17x 10® a f t e r  
one, two and th re e  days r e s p e c t iv e ly ;  th e  p s y c h ro tro p h ic  co u n ts  (p e r  m l3, 
were 0 .4  x 10®, 2 .1  x 10® and 1 1 .0  x 10®; th e  c o l i fo r m  co u n ts  (p e r  m l] ,  
were 87 x 10®, 230 x 10® and th e  th e rm o d u r ic  b a c te r ia  s u r v iv in g  la b o ra to ry
p a s te u r iz a t io n  (p e r m l ] ,  were 45 x 10®, 45 x 10®and 55 x 10®. He
concluded th a t  m i lk  c o n ta in in g  < 1 0 ®  b a c te r ia  p e r m l on d e l iv e r y  to  th e  
d a ir y ,  w ith  < 50 p e r c e n t o f  th e se  be ing  p s y c h ro tro p h ic  b a c te r ia ,  c o u ld  
be s a t i s f a c t o r i l y  c o ld  s to re d  f o r  2 to  3 days b e fo re  p a s te u r iz a t io n .
In  t h e i r  r e p o r t ,  M e rg l & Cerna (1969 3 r e fe r r e d  to  th e  b a c te r ia l  f l o r a
o f  raw m i lk  s to re d  a t  < 5°C f o r  0 , 25, 30, 49, 54, 78, 102 and 128 h.
They re p o r te d  th e  fo l lo w in g  c o u n ts  [p e r  m l)  a f t e r  0, 49 and 126 h o f  
s to r a g e : -  t o t a l  b a c te r ia ,  7 ,0 0 0 , 14 ,500  and 178 ,000 ; c o l i f o r m ,  10, 340 
and 3 ,2 5 0 ; p s y c h ro p h ile s ,  4 ,4 0 0 , 10 ,000  and 2 ^00 ,0 00 ; p r o te o ly t ic  o rgan ism s 
500, 450 and 7 ,8 0 0 ; l i p o l y t i c  o rg a n ism s , 225, 305 and 2 ,1 0 0 . T i t r a t a b le  
a c id i t y ,  pH and o rg a n o le p t ic  c h a r a c te r is t ic s  d id  n o t change th ro u g h o u t.
M ilk  p a s te u r iz e d  a f t e r  low  te m p e ra tu re  s to ra g e  was kep t f o r  > 48 h 
w ith o u t o rg a n o le p t ic  changes. E rh o la  e ^  a l . [1970) in d ic a te d  th a t  
in c re a s in g  th e  s to ra g e  t im e  o f  good q u a l i t y  m i lk  in  fa rm  banks fro m  2 to  
4 days d id  n o t s ig n i f i c a n t l y  in c re a s e  c o l i fo r m  and t o t a l  b a c te r ia l  coun t 
o r  th e  f r e e  f a t t y  a c id  v a lu e s . On th e  o th e r  hand A apo la  & A n t i la  C1970) 
s tu d ie d  th e  e f f e c t  o f  raw  m i lk  s to ra g e  on th e  keep ing  q u a l i t y  o f  
consum ption  m i lk  when m ilk  a t  30°C on p ro d u c t io n  was added d a i ly  f o r  3 
days to  a fa rm  ta n k  and s to re d  th e re  a t  1 -2 °C . Such a p r a c t ic e  d id  n o t 
a f f e c t  th e  q u a l i t y  o f  th e  m i lk  a f t e r  p a s te u r iz a t io n ;  s im i la r  a d d it io n  o f  
raw m ilk s  w ith  s to ra g e  a t  3 -5°C  r e s u lte d  in  a poo r q u a l i t y  m i lk  a f t e r  th e  
f i r s t  day.
P a te l & B la nke n ag e l [1972 ] s tu d ie d  th e  b a c te r ia l  f l o r a  o f  216 raw  m ilk  
samples w h ich  were la b o ra to ry  p a s te u r iz e d  (62 .3 °C  f o r  30 m in ] ,  and 
s to re d  a t  7°C. T h e ir  r e s u l t s  showed th a t  m ilk s  w ith  a co un t o f  > 1 
m i l l i o n  p e r m l b e fo re  h e a tin g  f r e q u e n t ly  deve loped  o b je c t io n a b le  f la v o u r s  
a f t e r  p a s te u r iz a t io n  and subsequent s to ra g e . N e a rly  a l l  samples o f  
p a s te u r iz e d  m ilk s  w h ich  were p re p a re d  fro m  raw  m i lk  w ith  co un ts  o f  > 10 
m i l l io n  p e r ml deve loped  o b je c t io n a b le  f la v o u r s  w ith in  2 weeks o f  
p ro c e s s in g . In  t h e i r  s tu d ie s  on b u lk  m i lk  a f t e r  24, 48 and 72 h s to ra g e  
in  fa rm  ta n k s  Duchateau & L a c ro s s e  [19 7 3 ] showed th a t  th e  g ro w th  r a te  o f  
th e  t o t a l  f l o r a  and o f  p s y c h r o t ro p h ic ,  c a s e o ly t ic  and pseudomonas 
organ ism s in c re a s e d  c o n s id e ra b ly  a f t e r  48 h ,s to ra g e  a t  4 -5 °C , whereas a t  
1°C th e  g ro w th  r a te  was s low  th ro u g h o u t s to ra g e  and th e  r e la t i v e  p ro p o r­
t io n s  o f  th e  3 ty p e s  o f  o rgan ism s rem ained f a i r l y  c o n s ta n t o v e r 72 h.
There was a p a r t i c u la r l y  marked in c re a s e  in  b a c te r ia l  g ro w th  r a te  a f t e r  
48 h. I t  i s  suggested  th a t  m i lk  sh ou ld  n o t be ke p t f o r  more tha n  48 h
in  fa rm  b u lk  ta n k s  a t  < 5°C. A D u tch  r e p o r t  in d ic a te s  th a t  lo n g e r
s to ra g e  th a n  1 day a t  < 4°C i s  in a d m is s ib le  u n le s s  th e  m i lk  i s  h e a t-
t re a te d  on a r r i v a l  a t  th e  d a i r y ,  [N e de rla n ds  In s t i t u d te  Vbor Z u iv e lo n d e rz o e k ,
1 97 3 ].
Hadland S Hoye C1974) re p o r te d  on e x p e rim e n ts  conducted  w ith  m ilk  s to re d  
in  b u lk  f o r  1 -4  days a t  2 -B °C . The m i lk  s to re d  a t  2°C f o r  1 day gave 
a s a t is fa c to r y  keep ing  q u a l i t y  o f  14 days a f t e r  p a s te u r iz a t io n ,  w h ile  
w ith  th e  m i lk  ke p t f o r  4 days a t  2°C th e  keep ing  q u a l i t y  o f  th e  
p a s te u r iz e d  m i lk  was reduced to  B-8 days . Raw m i lk  s to ra g e  a t  B°C f o r  
more th a n  1 day caused a ra p id  re d u c t io n  in  m i lk  q u a l i t y  b e fo re  and 
a f t e r  p a s te u r iz a t io n .
G r its e n k o  & S u ro v tse va  (1972a) in d ic a te d  th a t  th e  t o t a l  b a c te r ia l  co un ts  
o f  raw  m i lk ,  p a s te u r iz e d  m i lk  ready f o r  d i s t r i b u t io n  and p a s te u r iz e d  
m ilk  a f t e r  s to ra g e  f o r  1 and 5 days were r e s p e c t iv e ly  (p e r m l] 22 x 10®, 
1 .6  X 10®, 3 X 10® and 8 x 10®. C o lifo rm  b a c te r ia  were c o m p le te ly  
d e s tro y e d  by p a s te u r iz a t io n  b u t e n te ro c o c c i were o n ly  reduced te n fo ld  
to  one hundred f o ld  and were d e te c te d  in  in d iv id u a l  cases a t  le v e ls  o f
1-10 p e r m l a f t e r  p a s te u r iz a t io n  and 1 -100  p e r m l d u r in g  s to ra g e  a t  6 
to  8°C f o r  1 , 2, 3, 5 and 7 days. C o lifo rm s  were p re s e n t a t  le v e ls  
o f  1 0 -10 ,00 0  p e r m l in  s to re d  m i lk .
S m ith  e ^  a l .  [1978 ] re p o r te d  th a t  r e f r ig e r a te d  s to ra g e  caused a 10 p e r 
ce n t [p  < 0 .0 5 ] r e d u c t io n  in  co u n ts  in  p a s te u r iz e d  m ilk  and decreased 
c o l i fo rm  co u n ts  by 21 p e r c e n t [p < 0 .0 1 ) .
M ilk  c o n ta in s  r e l a t i v e l y  few  b a c te r ia  when i t  le a v e s  th e  udder o f  a 
h e a lth y  cow. P ro b a b ly  th e  tw o  most s ig n i f i c a n t  so u rces  o f  c o n ta m in a tio n  
a re  d a ir y  u te n s i ls  and m i lk  c o n ta c t  s u r fa c e s ,  in c lu d in g  th e  m ilk  p a i l  o r  
m ilk in g  m achines o r  th e  b u lk  m i lk  c o o le r  and p ip e l in e s .  U n d e s ira b le  
b a c te r ia  fro m  th e s e  sou rces  in c lu d e  l a c t i c  s t r e p to c o c c i , c o l i fo r m  b a c te r ia ,  
p s y c h ro tro p h ic  G ra m -n e ga tive  ro d s , and th e rm o d u r ic s  [th o s e  w h ich  s u rv iv e  
p a s te u r iz a t io n ]  e .g .  m ic ro c o c c i,  b a c i l l i  and b r e v ib a c te r ia . When th e y  
a re  c le a ne d  and s a n i t iz e d  p r o p e r ly ,  u te n s i ls  and m i lk  c o n ta c t s u rfa c e s  
add few  b a c te r ia  to  raw m ilk s  [F r a z ie r  & W e s th o ff, 1 97 8 ).
The e f f e c t  o f  d i f f e r e n t  hea t tre a tm e n t on th e  q u a l i t y  o f  th e  m ilk
In  th e  p ro c e s s in g  o f  m i lk  and cream, o r  in  t h e i r  use in  m aking v a r io u s  
p ro d u c ts , i t  i s  d e s ir a b le  to  d e s tro y  a l l  o f  th e  c o n ta m in a tin g  o rg an ism s. 
U s u a lly ,  t h i s  i s  accom p lished  by a p p l ic a t io n  o f  h e a t. In  th e  developm ent 
o f  hea t p ro c e s s in g  methods f o r  m ilk s  p a s te u r iz a t io n  was one o f  th e
e a r l ie s t  p ro ce d u re s  used. The o b je c t iv e s  o f  m a rke t m i lk  p a s te u r iz a t io n  
a re ; -
1. to  k i l l  a l l  th e  pa thogens th a t  may be p re s e n t in  th e  m i lk  and be 
t r a n s m it te d  to  p e o p le , and
2, to  im p rove  th e  keep ing  q u a l i t y  o f  m i lk .
There a re  tw o fa c to r s  In v o lv in g  th e  hea t t re a tm e n t ,  te m p e ra tu re  and 
h o ld in g  p e r io d ,  and one i s  as im p o r ta n t  as th e  o th e r .  A f t e r  r e c e iv in g  
th e  hea t t re a tm e n t th e  m i lk  m ust be c o o le d  im m e d ia te ly  to  lo w e r th a n  
10°C C50°F) to  p re v e n t g ro w th  o f  th e  o rgan ism s w h ich  s u rv iv e  th e  
p ro c e s s . W ith  m i lk  tw o main ty p e s  o f  p a s te u r iz a t io n  a re  e m p lo ye d :-
1. th e  lo w -te m p e ra tu re , lo n g - t im e  CLTLT) o r  ’ h o ld e r ' m ethod w h ich  
has an exposu re  o f  a t  le a s t  61.7°C  (143°F ] f o r  a t  le a s t  30 
m in u te s ,
2. th e  h ig h  te m p e ra tu re , s h o r t - t im e  CHTST3 o r  c o n tin u o u s  o r  f la s h  
p a s t e u r iz a t io n , . w ith  an exposure  o f  a t  le a s t  71 .7°C  C161°F] f o r  
a t  le a s t  15 seconds.
The e f f e c t s  o f  th e  h ea t a p p lie d  to  m i lk ,  whenever p a s te u r iz a t io n  is
a p p lie d  may be c o n s id e re d  [Hammer, 1948) u n d e r :-
a . e f f ic ie n c y  in  d e s tro y in g  b a c te r ia ,
b . th e  in f lu e n c e  on f la v o u r ,  and
c . th e  in f lu e n c e  on th e  cream l i n e .
3. H e a t- tre a tm e n t p ro cesse s  in  excess o f  p a s te u r iz a t io n  f o r  m i lk  and 
m i lk  p ro d u c ts  a re  r e fe r r e d  to  as v e ry  h ig h - te m p e ra tu re  [VHT) 
system s and u l t r a  hea t t r e a te d  [UHT) system s [F r a z ie r  S W e s th o ff,
1 9 7 8 ). UHT tre a tm e n t i s  d e f in e d  as a h ig h  te m p e ra tu re  p rocess
o f  n o t le s s  th a n  132°C f o r  n o t le s s  th a n  0 .5  s a p p lie d  w ith  th e  
o b je c t  o f  d e s tro y in g  a l l  m ic ro -o rg a n is m s , o r  a t  le a s t  i n h ib i t i n g  
th e  g ro w th  o f  any r e s id u a l m ic ro -o rg a n is m s , [ ID F /F IL ,  1980 ).
The m ethods o f  p ro c e s s in g  used f o r  UHT m i lk  a r e : -
a. D ir e c t  h e a t in g  method
The m i lk  i s  hea ted  t o  te m p e ra tu re s  in  th e  range  o f  135 to  
15Q°C w ith  h o ld in g  t im e  o f  a few  seconds fo l lo w e d  by a s e p t ic  
f i l l i n g  o f  th e  co o le d  m i lk  [B u r to n , 19773.
b. I n d i r e c t  h e a tin g  method
T h is  m ethod in c lu d e s  h e a tin g  th e  m i lk  t o  B5°C by re g e n e ra t io n ,  
h o m o g e n is a tio n , f u r t h e r  h e a tin g  to  138°C w ith  h o ld in g  f o r  2 s
b e fo re  c o o l in g  e i t h e r  by c o ld  w a te r , re g e n e ra t io n  and f i n a l  
c o ld  w a te r t i  
[ B a l l ,  19773
o  g iv e  a f i l l i n g  te m p e ra tu re  o f  a p p ro x im a te ly  20°C
4. S t e r i l i z a t i o n  i s  a p ro cess  by u s in g  heat t re a tm e n t a t  a te m p e ra tu re  
e xceed ing  1D0°C in  o rd e r  to  d e s tro y  a l l  m ic ro -o rg a n is m s , o r  a t  
le a s t  i n h ib i t i n g  th e  g ro w th  o f  any re s id u a l m ic ro -o rg a n is m s  ID F /F IL , 
19803.
The m ethods o f  p ro c e s s in g , used f o r  s t e r i l i z e d  m i lk  a r e : -
a. B a tch  m ethod
In  t h i s  method th e  m i lk  i s  p re h e a te d , hom ogenised, and f i l l e d  
in t o  b o t t le s  p r i o r  to  s t e r i l i z a t i o n  by th e  b a tc h  method us ing  
a te m p e ra tu re  in  :he range  o f  104 to  110°C f o r  30 to  40 min 
a f t e r  w h ich  th e  b o t t le s  a re  removed and l e f t  to  c o o l (N a t io n a l 
D a ir y  C o u n c il ,  19743.
b. C o n tin u o u s  method
In  t h i s  m ethod th e  f i l l e d  b o t t le s  a re  fe d  on to  a conveye r
th ro u g h  h o t w a te r  ta n k s  in t o  a steam chamber u s in g  
te m p e ra tu re s  in  th e  range  o f  107 to  110°C f o r  30 to  40 min 
[N a t io n a l D a iry  C o u n c il ,  19743.
The e f f e c t  o f  s to ra g e  on th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  m ilk
D ah lbe rg  [1945 3 exam ined p a s te u r iz e d  m i lk  im m e d ia te ly  a f t e r  p ro d u c t io n  
and a f t e r  s to ra g e  a t  1 .9 °  to  4 .4°C  [3 5 °  to  40°F3, and a t  2 1 .1 °  to  23.8°C  
[70 ° t o  75°F3 f o r  6 h t o  s im u la te  m i lk  l e f t  on th e  d o o rs te p . O the r 
samples were ta k e n  on a norm al d e l iv e r y  ro u te .  M i lk  sam ples were 
te s te d  a f t e r  0, 1, 2, 3 , 4 and 7 days. I n i t i a l l y  th e  mean p la te  co un t
C37°C3 o f  samples s to re d  a t  1 .9 °  to  4 .4°C  [35 ° to  40°F ] was 12,000  p e r 
m l; round r e tu r n  sam ples showed no in c re a s e  and th e  in c re a s e  was o n ly  
s l ig h t  w ith  samples s to re d  in  a room a t  2 1 .1 °  to  23.8°C  (70° to  75°F) 
f o r  B h. Counts o f  sam ples s to re d  a t 1 ,9 °  to  4 .4 °C  [3 5 °  to  40°F ) were 
lo w e r on th e  f o u r t h  day th a n  when c o l le c te d  fro m  th e  p la n t ;  th o se  
s to re d  a t  7 .2 °  to  10°C (4 5 ° to  50°F ] showed a s l i g h t  in c re a s e  on th e  
t h i r d  day; th o s e  s to re d  a t  1 2 .7 °  to  15.5°C  [5 5 °  to  B0°F3 showed a 
d e f in i t e  in c re a s e  on th e  second day and a marked in c re a s e  [fro m  12,000  
p e r m l t o  1 ,1 1 6 ,0 0 0  p e r  m l3 on th e  t h i r d  day.
C o lifo rm  o rgan ism s were p re s e n t in  1 m l a t 0 day in  3 o f  th e  18 samples 
s to re d  a t  1 .9 °  to  4 .4 °C  (35° to  40°F3, in  2 o f  th e  18 round r e tu r n  
samples and in  B o f  th e  18 d o o rs te p  sam ples. C o lifo rm  o rgan ism s d id  
n o t m u l t ip ly  d u r in g  4 days s to ra g e  a t  1 .9 °  to  4 .4 °C  [3 5 °  to  40°F3, bu t 
th e re  was an in c re a s e  in  th e  number o f  samples where c o l i f o r m  were 
p o s i t iv e  in  1 m l a f t e r  2 days s to ra g e  a t  7 .2 °  t o  10°C [4 5 °  to  50°F3 and 
a f t e r  1 day a t  1 2 .7 °  to  15.5°C  [5 5 °  to  60°F3.
In  a n o th e r s tu d y , th e  same a u th o r  [194B3 found  th a t  th e  c o l i f o r m  coun t 
in c re a s e d  more r a p id ly  th a n  th e  t o t a l  co un t in  samples h e ld  a t 7 .2 °  to  
10°C (45° to  50°F3, and a t  1 2 .7 °  t o  15.5°C  (55° to  B0°F3. However, th e se  
in c re a s e s  were more marked in  warm w e a th e r. A t 1 .9 °  to  4 .4°C  [3 5 °  to  
40°F3 th e re  was no a p p re c ia b le  in c re a s e  in  t o t a l  coun t o r  c o l i fo r m  co un ts  
in  O c tobe r.
K a lk b re n n e r [1949 3 found  30 o u t o f  32 p a s te u r iz e d  and i r r a d ia t e d  m ilk  
samples had p la te  c o u n ts  o f  > 100 ,000  o rgan ism s p e r m l, and had c o l i f o r m  
coun ts  o f  > 1 ,000  p e r m l. No tu b e r c le  b a c i l l i  o r  i n t e s t i n a l  pa thogens
were found  in  any o f  th e  sam ples b u t 17 c o n ta in e d  w eak ly  h a e m o ly tic  
s t r e p to c o c c i,
WeesB S Henderson [19493 in d ic a te d  t h a t  p a s te u r iz e d  m i lk  o f  good q u a l i t y  
kept w e l l  f o r  3 to  4 days a f t e r  d e l iv e r y  under re a s o n a b ly  good c o n d it io n s  
o f home r e f r ig e r a t io n  where th e  te m p e ra tu re s  v a r ie d  fro m  2 ,7 °  to  11.1°C  
[37° to  52°F3-
V ieeschauw er a l . [19503 s tu d ie d  th e  r e s u l t s  o f  b a c te r io lo g ic a l  
c o n t r o l  a t  15 d a i r ie s  d u r in g  1948-49 and 19 d a i r ie s  d u r in g  1949-50.
They found  th a t  th e  raw  m i lk  was g e n e r a l ly  o f  p o o r q u a l i t y ,  w ith  h ig h  
c o l i fo r m  t i t r e ,  s h o r t  dye re d u c t io n  t im e , and average  b a c te r ia l  co u n ts  
o f  1 2 ,9 08 ,0 00  and 1 2 ,5 2 5 ,0 0 0  f o r  th e  tw o  p e r io d s .  The low  co un t o f  
th e  p a s te u r iz e d  m i lk  was, how ever, s p o i le d  in  some d a i r ie s  by p o s t 
p a s te u r iz a t io n  c o n ta m in a tio n  fro m  th e  p la n t  and b o t t le s .  On th e  o th e r  
hand E g d e ll S B ird  [19 5 0 ] found  th e re  was no s ig n i f i c a n t  d if fe r e n c e  
between th e  f l o r a  o f  sam ples ta k e n  a t  th e  p a s te u r iz e r  and samples ta ke n  
fro m  th e  b o t t le s .
S w a r t l in g  [19 5 3 ] fou n d  no r e la t io n s h ip  between th e  b a c te r ia l  co u n t b e fo re  
and a f t e r  p a s te u r iz a t io n .  The keep ing  q u a l i t y  o f  p a s te u r iz e d  m i lk  was 
found  to  be w h o lly  d e te rm in e d  by th o s e  th e rm o d u r ic  b a c te r ia  ca pa b le  o f  
m u l t ip ly in g  and a f f e c t in g  m i lk  q u a l i t y  d u r in g  s to ra g e , w hereas, P ira u x  
e t a l . [1953 ] were o f  th e  o p in io n  t h a t  th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  
m ilk  was r e la te d  to  th e  c o l i f o r m  c o u n t r a th e r  th a n  th e  th e rm o d u r ic  c o u n t. 
However, A sh ton  [1962 ] s ta te d  t h a t  s p o ila g e  o f  p a s te u r iz e d  m ilk  appeared 
to  be m a in ly  due to  s p o re - fo rm e rs .
Types as w e l l  as numbers o f  th e rm o d u r ic  o rgan ism s a f fe c te d  keep ing  
q u a l i t y ,  th e  m ain s p o ila g e  o rg an ism s be ing. M ic ro b a c te r iu m  spp. and 
B a c i l lu s  ce reus  [M ourgues S A u c la i r ,  1 9 7 0 ].
A th e r to n  e ^  a l . [19 5 4 ] found  t h a t  w ith  la b o r a to r y  p a s te u r iz e d  m ilk  
s to re d  a t  4 ,4 °  o r  7 .3 °C  w h ile  th e re  was no s ig n i f i c a n t  in c re a s e  in  th e  
t o t a l  p la te  coun t d u r in g  15 days o f  s to ra g e , th e  p s y c h r o p h i l ic  co un t o f  
th e  m ilk  he ld  a t  4 .4 °C  had in c re a s e d  o v e r t h i s  s to ra g e  p e r io d  to  more 
th a n  one m i l l i o n  p e r  m l. On th e  o th e r  hand P ane tsos _e^ [1973 ]
s ta te d  t h a t  p a s te u r iz e d  m i lk  showed no in c re a s e  in  b a c te r ia l  co un t 
[ave rage  a p p ro x im a te ly  50,000  p e r  m l ] ,  no o f f  f la v o u r s  and m a in ta in e d  a 
low  a c id i t y  d u r in g  s to ra g e  a t  4°C f o r  18 h. Samples o f  m i lk  fro m  r e t a i l  
shops were compared.
Johannes [1956 ] s ta te d  t h a t  th e  dye re d u c t io n  and c o l i f o r m  te s ts  were 
n o t s u f f i c i e n t l y  s e n s i t iv e  to  p r e d ic t  th e  s h e l f  l i f e  o f  h ig h  q u a l i t y  
p a s te u r iz e d  m i lk  and th e  d i r e c t  p la te  c o u n t was o f  d o u b t fu l v a lu e .
The s tu d ie s  by K a s t l i  & B in z  [1 9 5 6 ],  when th e y  em phasised th e  im p o rta n ce  
o f  th e  te m p e ra tu re  a t  w h ich  p a s te u r iz e d  m i lk  i s  s to re d ,  showed th a t  th e re
was no a p p re c ia b le  in c re a s e  in  th e  t o t a l  b a c te r ia l  c o u n t o v e r a p e r io d  
o f  B days a t  2° t o  3°C.
S toyanov [19 6 0 ] in d ic a te d  t h a t  p a s te u r iz e d  m i lk  re ta in e d  i t s  q u a l i t y  f o r
5-6  days a t  3 -5 °C , b u t no lo n g e r  th a n  24 h a t  10° to .1 2 °C . He was o f
th e  o p in io n  t h a t  th e  t o t a l  b a c t e r ia l  c o u n t, th e  coun t o f  p r o te o ly t ic  
b a c te r ia  and th e  c o l i f o r m  t i t r e  were s u ita b le  c r i t e r i a  f o r  th e  e v a lu a t io n  
o f  th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  m i lk .
Ashton [1962 ] found  t h a t  p a s te u r iz e d  m i lk  produced fro m  good q u a l i t y  raw 
m ilk  c o u ld  be s a t i s f a c t o r i l y  s to re d  in  househo lds a t am b ien t te m p e ra tu re  
ra n g in g  from  10° t o  27 .2°C  [50  to  8 1 °F ],  a f t e r  12-15 h r e f r ig e r a te d  p re ­
s to ra g e  and r e t a i l  d i s t r i b u t i o n .
A s to ra g e  te m p e ra tu re  o f  8 to  9°C appeared to  be th e  maximum f o r
e n s u rin g  th a t  th e  m i lk  rem a ined  o f  good q u a l i t y  f o r  2 -3  days a f t e r
p a s te u r iz a t io n  [V an cu ra , 1 9 6 7 ].
P a s te u r iz a t io n  a t  82°C o r  85°C e f f e c t i v e ly  reduced th e  t o t a l  b a c t e r ia l  
coun t and e lim in a te d  c o l i f o r m  b a c te r ia ,  th e  r e s u l t in g  m i lk  be ing  o f  
good o rg a n o le p t ic  q u a l i t y .a n d  re m a in in g  f re s h  f o r  s e v e ra l days a t  10°C 
[Gheorghe & Manu, 1 9 6 8 ],
In  t h e i r  s tu d y , L e a l i  & Q ua ro n i [1 9 8 8 ],  used 180 samples each o f  
p a s te u r iz e d  whole  m i lk  and homogenised whole o r  p a r t i a l l y  skimmed m i lk ,  
packaged in  d i f f e r e n t  c o n ta in e rs  and s to re d  in  [ i ]  a r e f r ig e r a t o r  [5 ° C ],
[ i i ]  a r e f r ig e r a te d  room [7°C  minimum, 15°C maximum], [ i i i ]  in  a c o o l 
env ironm en t [shade te m p e ra tu re ] and [ i v ]  a t norm al te m p e ra tu re  [22 to  24°C 
w in te r ,  27 to  28°C sum m er]. They found  th a t  th e  keep ing  q u a l i t y  o f  th e  
m ilk s  id e n t i f i e d  above was as f o l lo w s : -  [ i ]  21 days d u r in g  a l l  seasons,
[ i i ]  6 -12  days , [ i i i ]  56-72 h in  w in te r  and 32 h in  summer, and [ i v ]  24 h 
in  w in te r  and 8 h in  summer. The c o n d it io n s  o f  lo a d in g  and t r a n s p o r t  
had no e f f e c t  on keep ing  q u a l i t y .
Sm ith  [1968 ] s ta te d  t h a t  th e re  was an in c re a s e  in  b a c te r ia l  co u n ts  and 
a decrease  in  f la v o u r  sco re s  w ith  in c re a s in g  te m p e ra tu re  o f  f i l l i n g ,  
b u t th e  most im p o r ta n t  f a c to r s  in  p ro lo n g in g  s h e l f  l i f e  were th e  
s to ra g e  te m p e ra tu re  w h ich  sh o u ld  be 4 .4 °C  [4D °F ] o r  be low . However,
10
p r o te c t io n  fro m  p o s t - p a s te u r iz a t io n  c o n ta m in a tio n  was shown by Mourgues 
& A u c la i r  [1970) to  im prove  Keeping q u a l i t y  a t  4°C ,
W atrous e t  a l . (1971) re p o r te d  t h a t  when s a m p le s .o f c o m m e rc ia lly  
p a s te u r iz e d  m i lk  were h e ld  a t  4 .4 °C  th e  co un t in c re a s e d  fro m  260 p e r ml 
to  36 m i l l i o n  p e r m l a f t e r  10 d a ys . Where th e  s to ra g e  te m p e ra tu re  was 
7 .2°C  th e  co u n ts  in c re a s e d  fro m  th e  o r i g in a l  a t  le v e l  o f  260 p e r ml to  
7 .8  m i l l i o n  p e r m l a f t e r  5 days and 770 m i l l io n s  a f t e r  10 days.
F u r th e r  in fo r m a t io n  in d ic a t in g  t h a t  th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  
m ilk  i s  r e la te d  to  s to ra g e  te m p e ra tu re  was p ro v id e d  by th e  s tu d ie s  o f  
G r its e n k o  S S u ro v tse va  [1972b) where w ith  m i lk  h e ld  a t room te m p e ra tu re  
[20 to  28°C) c o a g u la t io n  o c c u rre d  in  12 to  15 h and a t  6 to  B°C th e  
c o a g u la t io n  o c c u rre d  a f t e r  1 to  2 d a y s .
Mourgues S A u c la i r  [1973) showed t h a t  th e  s ta n d a rd  p la te  co u n t o f  
p a s te u r iz e d  m i lk  h e ld  a t  4°C decreased  i n i t i a l l y  b u t ro s e  r a p id ly  w ith  
th e  appearance o f  f la v o u r  d e fe c ts  a f t e r  30 to  73 days o f  s to ra g e  and 
samples s to re d  a t  8°C showed s im i la r  changes e xce p t t h a t  th e  f la v o u r  
d e fe c ts  appeared a f t e r  10-35 days . T h is  r e la t io n s h ip  was le s s  e v id e n t 
in  sam ples s to re d  a t  4°C . A dem o llo  e t ., a l . [1974) exam ined 240 samples 
o f  com m erc ia l homogenized p a s te u r iz e d  m i lk  packaged in  c a r to n s  a f t e r  
0-10 days s to ra g e  a t  4°C . C o lifo rm  b a c te r ia  were d e te c te d  in  7 sam ples. 
The b a c t e r ia l  co un t averaged  10®/m l f o r  th e  f i r s t  5 days o f  s to ra g e  b u t 
ro se  a f t e r  th e  6 th  day.
Kim S Lee [1975) s tu d ie d  p a s te u r iz e d  m i lk  [A ugus t and e a r ly  O c to b e r, 1974) 
h e ld  a t  4 ° ,  10° o r  35°C. The s ta n d a rd  p la te  c o u n ts  exceeded th e  50,000 
p e r m l le g a l l i m i t  when th e  m i lk  was s to re d  f o r  2 o r  3 days a t  4°C, 1 o r  
2 days a t  10°C, o r  3 h a t  35°C. The to ta l , a n d  p s y c h r o p h i l ic  co u n ts  o f  
samples s to re d  a t  10°C f o r  24 h in c re a s e d  more r a p id ly  th a n  in  th e  sam ples 
s to re d  a t  4°C . The i n i t i a l  c o u n ts  o f  th e r m o p h i l ic  b a c te r ia  were low  due 
to  th e  H igh T em pera tu re  S h o rt Time and U l t r a  H igh  T em pera tu re  p a s te u r iz a ­
t io n .  T h e rm o p h ilic  co u n ts  o f  sam ples decreased a t  b o th  4°C and 10°C 
w ith  in c re a s in g  s to ra g e  t im e .  C o li fo rm  b a c te r ia  d eve loped  d u r in g  s to ra g e  
a t  10° and 35°C even tho u gh  th e  i n i t i a l  co u n ts  were a b s e n t in  1 m l.
Most o f  th e  sam ples s to re d  a t  35°C had c o a g u la te d  a f t e r  9 h.
G i l l i s  [1979) in  h is  s tu d y  o f  u s in g  d i f f e r e n t  methods f o r  e v a lu a t in g  th e
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s h e l f  l i f e  o f  p a s te u r iz e d  and re -p a s te u r iz e d  f l u i d  m i lk ,  showed in  te s t s  
u s in g  10 com m erc ia l raw  m ilk s  t h a t  sam ples o f  d o u b le  p a s te u r iz e d  m ilk s  
s to re d  a t  7°C f o r  5 -20 days had h ig h e r  s ta n d a rd  p la te  c o u n ts , h ig h e r  
p s y c h ro tro p h ic  c o u n ts  and h ig h e r  p r o t e o ly t i c  co u n ts  th a n  th e  same m ilk s  
w h ich  had o n ly  been p a s te u r iz e d  once, b u t th e  d i f fe r e n c e s  were n o t 
s ig n i f i c a n t .  The s ta n d a rd  p la te  co u n ts  and spore  co u n ts  o b ta in e d  d u r in g  
s to ra g e  c o r r e la te d  w ith  f la v o u r  CO-2120 and 0 .2066  r e s p e c t iv e ly ] .  Data 
c o l le c te d  fro m  r e s u l t s  o f  th e  H u l l  T e s t on sam ples in c u b a te d  a t  d i f f e r e n t  
te m p e ra tu re s  and t im e  showed th a t  t h i s  t e s t  c o u ld  be used to  p r e d ic t  
s h e l f  l i f e  o f  m i lk .
B u lk  c o l le c t io n  o f  th e  raw m i lk
C o o lin g  and s to ra g e  o f  m i lk  in  b u lk  on th e  fa rm  f o r  one o r  two days o r  
lo n g e r  i s  becoming in c r e a s in g ly  p o p u la r .  A .s to ra g e  te m p e ra tu re  o f  4°C 
i s  n o rm a lly  used b u t t h i s  f lu c tu a te s ,  e s p e c ia l ly  a t  m i lk in g  when warm 
m ilk  e n te rs  th e  ta n k  and in  t r a n s p o r t ,  o f  th e  raw  m i lk  fro m  fa rm  to  
p ro c e s s in g  d ep o t in  ro a d  ta n k e rs .  S to ra g e  o f  raw  m i lk  f o r  24 h o r  
lo n g e r  a t  t h e . d a i r y  f a c to r y  b e fo re  hea t tre a tm e n t m a y .a ls o  o c c u r . Thus, 
th re e  days o r  more can e la p se  between m i lk  p ro d u c t io n  and p ro c e s s in g  
d u r in g  w h ich  t im e  th e re  i s  c o n s id e ra b le  o p p o r tu n ity  f o r  p s y c h ro tro p h ic  
b a c te r ia  to  grow  and p roduce  enzymes, e s p e c ia l ly  l ip a s e s  and p ro te a s e s . 
Though th e s e  b a c te r ia  a re  k i l l e d  by p a s te u r iz a t io n  th e  l ip a s e s  and 
p ro te a s e s  p roduced  by many o f  them a re  n o t in a c t iv a te d .  These m ic r o b ia l  
enzymes can a f f e c t  th e  q u a l i t y  o f  many d a ir y  p ro d u c ts  e i t h e r  by 
enhancing  o r  c a u s in g  d e t e r io r a t io n  o f  th e  f la v o u r  d u r in g  s to ra g e .
Scope o f  w ork
Many in v e s t ig a t io n s  have a lre a d y  been c a r r ie d  o u t on th e  p ro d u c t io n  o f  
m ilk  and d a ir y  p ro d u c ts  o f  s u p e r io r  q u a l i t y .  P ro c e s s in g  e x te n ds  s h e l f  
l i f e  b u t freedom  fro m  d e fe c ts  r e q u ir e s  h ig h  q u a l i t y  raw  m i lk .  M i lk  
and o th e r  in g r e d ie n ts  used sh o u ld  be f r e e  fro m  o f fe n d in g  odours  and 
f la v o u r s ,  abnorm a l c h e m ic a l and p h y s ic a l p r o p e r t ie s ,  and u n d e s ira b le  
m ic ro -o rg a n is m s  o r  t h e i r  m e ta b o li te s .
The in c re a s e d  use o f  r e f r ig e r a t io n  to  ex tend  th e  s to ra g e  l i f e  o f  m i lk  
on th e  fa rm , in  th e  d a i r y  p la n t ,  d u r in g  d i s t r i b u t i o n  and m a rk e tin g , and 
in  th e  co n su m e r's  home has in c re a s e d  th e  im p o rta n c e  o f  th e  m ic ro ­
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organ ism s in  m i lk  and i t s  p ro d u c ts .
T h is  s tu d y  was in te n d e d  t o  p ro v id e  more in fo r m a t io n  on th e  e f f e c t  o f  th e  
q u a l i t y  o f  raw m i lk  on th e  q u a l i t y  o f  hea t p rocessed  m ilk s  and m ilk  
p ro d u c ts . d e r iv e d  fro m  i t .
T h is  s tu d y  was c a r r ie d  o u t u s in g  b u lk  s i l o  m ilk  fro m  a d a ir y  f a c to r y  in  
th e  West o f  S c o t la n d . P a s te u r iz e d  m i lk  was p re pa re d  fro m  th e  m ilk  on 
d e l iv e r y  by road  ta n k e r  and a f t e r  th e  m i lk  had been s to re d  a t  2°C and B°C 
f o r  up to  7 days. A com parison  o f  th e  m ic r o b io lo g ic a l ,  ch e m ica l and 
o r g a n o le p t ic .q u a l i t y  o f  b o th  raw  and p a s te u r iz e d  m i lk  was made a c c o rd in g  
to  th e  p la n  be low .
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Raw e x -fa rm  m ilk s  m ixed in  around 50,000 1 
q u a n t i t ie s  in  a s i l o  a t  a com m erc ia l d a i r y
T ra n s p o r t  to  WSAC by road  ta n k e r  
o f  a round  2 ,500  1 s i l o  m i lk
On d e l iv e r y  to  WSAC
about 1000 1 abou t 1000 1
450 1
S torage  a t  6 CS to rage  a t  2 C
P a s te u r iz a t io n  by HIST method 
S to ra g e  o f  p a s te u r iz e d  m ilk  
a t  4°C f o r  up to  9 days
12 days a f t e r  
d e l iv e r y
days a f t e r  
d e l iv e r y
4 days a f t e r  
d e l iv e r y
7 days a f t e r  
d e l iv e r y
P a s te u r iz a t io n  by HIST method 
S to ra g e  o f  p a s te u r iz e d  m ilk  
a t  4°C f o r  up to  9 days
P a s te u r iz a t io n  by HIST method 
S to ra g e  o f  p a s te u r iz e d  m ilk  
a t  4°C f o r  up to  9 days
4 days a f t e r  
d e l iv e r y
7 days a f t e r  
d e l iv e r y
T e s ts  made on raw m ilk s  on d e l iv e r y  and a f t e r  2, 4 and 7 days o f  
s to ra g e  a t  2°C and B°C. T e s ts  made on p a s te u r iz e d  m ilk s  im m e d ia te ly  
a f t e r  p ro c e s s in g  and a f t e r  3, 6 and 9 days s to ra g e  a t  4°C ,
CHAPTER ONE 
MATERIALS AND METHODS
SECTION 1. MICROBIOLOGICAL METHODS
1. T o ta l p la te  c o u n t
D u rin g  th e  s tu d y  th e  t o t a l  c o u n t o f  m i lk  was d e te rm in e d  a c c o rd in g  to  th e
IDF s ta n d a rd  method 3 :1958  C ID F /F IL , 1 9 5 8 ).
2 . C o lifo rm  coun t
Ca) The c o l i f o r m  co u n t o f  th e  raw  m i lk  was d e te rm in e d  a c c o rd in g  to
th e  IDF s ta n d a rd  method 39:1966 t ID F /F IL ,  1 9 6 6 ].
Cb] The c o l i f o r m  co un t o f  th e  p a s te u r iz e d  m i lk  was d e te rm ine d  
a c c o rd in g  to  th e  IDF s ta n d a rd  method 40 :1966  C ID F /F IL , 1 96 6 ],
3. P s y c h ro tro p h ic  c o u n t
Throughou t th e  s tu d y  th e  c o u n t o f  p s y c h ro tro p h ic  b a c te r ia  was d e te rm ined  
as d e s c r ib e d  by th e  A m erican  P u b lic  H e a lth  A s s o c ia t io n  C1978],
4 . L ip o ly t i c  co un t
The number o f  l i p o l y t i c  b a c te r ia  p re s e n te d  in  sam ples was d e te rm ine d  
a c c o rd in g  to  th e  IDF s ta n d a rd  method 41 :1966  C ID F /F IL , 1 96 6 ],
5. P r o te o ly t ic  co un t
Throughou t th e  s tu d y  th e s e  b a c te r ia  were d e te c te d  and enum erated u s in g  
c a s e in a te  aga r and th e  method o f  H a r t le y  e t .  a l , C1970],
6. T herm odu ric  co u n t
The co u n t o f  th e rm o d u r ic  b a c te r ia  was d e te rm in e d  a c c o rd in g  to  B r i t i s h  
S tanda rd  4285:1968 ( B r i t i s h  S tan d a rd s  I n s t i t u t i o n ,  1 9 6 8 ].
7. A n t ib io t ic . r e s id u e s
The p ro ced u re  s e le c te d  was th e  d is c  assay m ethod, based on th e  p rocedu re  
o f  G a le s lo o t  and M assing (1 9 6 2 ], as used by th e  S c o t t is h  M i lk  M a rk e tin g  
Board
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SECTION 2 , CHEMICAL METHODS
1. F a t
D u rin g  th e  s tu d y  th e  f a t  c o n te n t o f  th e  m ilk  was d e te rm in e d  a c c o rd in g  to  
ELS. B9B P a r t  2; 1969 [ B r i t i s h  S tan d a rd s  I n s t i t u t i o n ,  1 9 6 9 ],
2. £H
The measurement o f  hydrogen io n  c o n c e n tra t io n  [pH] o f  m i lk  was made w ith  
a PYE model 290 pH m e te r f i t t e d  w ith  a co m b in a tio n  g la s s  e le c tro d e  
C A c tiv io n  G la s s .L td . ,  S c o t la n d ] .  B e fo re  m easurem ent, th e  equ ipm ent 
was a d ju s te d  u s in g  b u f fe r s  o f  known pH ta k in g  in t o  c o n s id e ra t io n  th e  
te m p e ra tu re  o f  th e  sam ple. D u p lic a te  re a d in g s  were re c o rd e d .
3. T i . t r a ta b le  a c id i t y
The t i t r a t a b l e  a c id i t y  o f  m i lk  was d e te rm in e d  a c c o rd in g  to  B .S . 1741 
( B r i t i s h  S tan d a rd s  I n s t i t u t i o n ,  1963] u s in g  10 m l o f  m i lk  sample w ith  
1 ml o f  a 0 .5  p e r c e n t (w /v ]  s o lu t io n  o f  p h e n o .lp th a le in  as an in d ic a t o r .  
T i t r a t io n  w ith  N/9 NaoH s o lu t io n  was made u n t i l  th e .e n d  p o in t ,  a f a i n t  
p in k is h  c o lo u r  w a s ,re a ch e d . The volume o f  N/9 NaOH s o lu t io n  used 
d iv id e d ., by 10 i s  re c o rd e d  as t i t r a t a b l e  a c id i t y  e xp resse d  as p e r c e n t 
l a c t i c  a c id .
4. Cream l in e
The cream l in e  o f  th e  m i lk  was measured by p o u r in g  a w e l l  m ixed sample 
in t o  a g ra d u a te d  100 ml m easuring  c y l in d e r  and a l lo w in g  i t  to  rem a in  
unmixed a t  room ' te m p e ra tu re  f o r  24 h, when th e  d e p th  o f  th e  cream la y e r  
was m easured, (D a v is , 1 9 5 1 ].
5. E n traneous  w a te r
T h roughou t th e  s tu d y  th e  f r e e z in g  p o in t  d e p re s s io n  was d e te rm in e d  u s in g  
th e  Advanced M i lk  C ryoscope (M odel 4L ] m a n u fa c tu re d  by Advanced 
In s tru m e n ts  I n c . ,  Neddham H e ig h ts , M a ssa ch u se tts . T h is  in s tru m e n t 
meets th e  re q u ire m e n t s p e c i f ie d  by th e  A s s o c ia t io n  o f  O f f i c i a l  A g r ic u l t u r a l  
C hem is ts , (1 9 6 5 ],
8. S u lp h y d ry l g ro up s
S u lp h y d ry l g roups  were d e te rm in e d  d u r in g  th e  s tu d y  u s in g  th e  m o d if ic a t io n
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by B eve r id g e  _e^ C1974) o f  the  method p repared  by E llm an C1959).
The method depends on add ing  0 ,5  ml o f  skim m i l k  t o  2 ,5  ml o f  8 M Urea 
i n  T r i s - g l y c i n e  b u f f e r  and 0 .02  ml o f  E l lm a n 's  re a g e n t  [ 5 . 5 ' - d i t h i o b i s -
2 - n i t r o b e n z o ic  a c id )  t o  fo rm  a y e l lo w  compound the  re a d in g  has been 
done w i t h  absorbance  a t  412 nm. measurement be ing  made u s in g  a PYE 
Unicam SP 1800 u l t r a v i o l e t  s p e c t ro p h o to m e te r .  The SH groups were 
expressed as p m o l/g  d ry  w e ig h t .
7. C a lc ium
The c a lc iu m  c o n te n t  o f  m i l k  was de te rm ine d  a c c o rd in g  to  th e  method o f  
Pearce [1 9 7 7 ) .  T h is  method depends on the  use o f  a h ig h  pH, i n d i c a t o r  
and d i r e c t  t i t r a t i o n .
8. T o ta l  s o l i d s
The t o t a l  s o l i d s  c o n te n t  o f  m i l k  was de te rm ined  a c c o rd in g  to  th e  IDF 
s tan d a rd  method 21:1962 [ ID F /F IL ,  1962),
9. A c id  degree v a lu e  CADV)
The a c id  degree  v a lu e  o f  m i l k  was d e te rm ined  u s in g  th e  m o d i f i c a t io n  by 
H un te r ,  W i lson  and B a rc la y  [1966, 1968) o f  th e  method p repa red  by Thomas 
e t  a l . (1 9 55 ) .  The method depends on th e  e x t r a c t i o n  o f  th e  f a t  f ro m  
th e  m i l k  w i t h  B .D . I  re a g e n t ,  w h ich  c o n s is ts  o f  30 g T r i t o n  x -100 and 
7 g o f  sodium hexametaphosphate made up to  one l i t r e .  One g o f  the  
e x t r a c te d  f a t  i s  weighed i n t o  a c o n ic a l  f l a s k  f i t t e d  w i t h  g la s s  s to p p e r .
The f a t  i s  d is s o lv e d  i n  5 ml o f  f a t  s o lv e n t  and t i t r a t e d  a g a in s t  a 
p r e v io u s ly  s ta n d a rd is e d  a l c o h o l i c  s o lu t i o n  o f  KGH im m e d ia te ly  b e fo re  
t i t r a t i o n  a f t e r  th e  a d d i t i o n  o f  5 d rops  o f  1 p e r  ce n t  (w /v )  p h e n o lp h th a le in  
s o lu t i o n .  ADV i s  d e f in e d  as th e  volume i n  ml o f  N KGH r e q u i r e d  to  
n e u t r a l i s e  th e  f r e e  f a t t y  a c id s  p re s e n t  in  100 g o f  m i l k  f a t .
10. Phosphatase t e s t
The phosphatase  t e s t  was d e te rm in e d  a c c o rd in g  t o  th e  IDF s ta n d a rd  method 
82:1978 ( ID F /F IL ,  1978 ).  Gne ml o f  m i l k  sample was added i n t o  5 ml 
d iso d ium  p - n i t r o p h e n y l  phosphate  b u f f e r  s o lu t i o n  pH (1 0 .3 )  i n  a t e s t  
tu b e .  The tub e  was he ld  a t  37°C f o r  2 h. The p - n i t r o p h e n o l  l i b e r a t e d  
was measured i n  d i r e c t  com parison  w i th  s tan d a rd  c o lo u r  g la s s e s  i n  a 
s im p le  c o m p a ra to r  us ing  r e f l e c t e d  l i g h t .  I f  th e  re a d in g  i s  more than  
10 mg p - n i t r o p h e n o l  pe r ml th e  r e s u l t  i s  re co rd e d  as p o s i t i v e .
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CHAPTER TWO
THE MICROBIOLOGICAL QUALITY OF RAW AND PASTEURIZED MILK 
DURING DIFFERENT PERIODS OF STORAGE AT DIFFERENT TEMPERATURES
INTRODUCTION
B u lk  m i l k  c o l l e c t i o n  f ro m  r e f r i g e r a t e d  ta n k s  on d a i r y  fa rm s  was f i r s t  
produced in  1936 i n  O ak land , C a l i f o r n i a ,  The system was in t r o d u c e d  t o  
the  U n ite d  Kingdom by th e  S c o t t i s h  M i l k  M a rk e t in g  Board i n  K i r k c u d b r i g h t ­
s h i r e  in  1954, and w i t h i n  th e  area o f  th e  M i l k  M a rk e t in g  Board f o r  
England and Wales, th e  l a r g e s t  o f  th e  f i v e  M i lk  M a rk e t in g  Boards i n  th e  
U n ite d  Kingdom, i n  1955, (C ra w fo rd ,  1967).
A g e n e ra t io n  ago m i l k  was d e l i v e r e d  t o  th e  p ro c e s s in g  p la n t ,  p a s te u r iz e d ,  
c o o led , b o t t l e d  and d e l i v e r e d  t o  th e  consum er's  d o o rs te p  b e fo re  i t  was 
24 h o ld  and th e  m i l k  was p ro b a b ly  consumed b e fo re  i t  was 48 h o ld .
Today the  age o f  m i l k  b e fo re  consum ption  i s  in f lu e n c e d  by some o r  a l l  o f
th e  f o l l o w in g  f a c t o r s : - ,  d a i l y  o r  a l t e r n a t e  day c o l l e c t i o n  o f  m i l k  f ro m  
r e f r i g e r a t e d  ta n k s  a t  fa rm s ,  f iv e -d a y - w e e k  p la n t  o p e r a t io n s ,  d is c o n t in u a n c e  
o f  home d e l i v e r y ,  and in c re a s e d  purchase o f  m i l k  from  shops and su pe rm arke ts ,  
lo n g e r  p e r io d s  o f  s to ra g e  o f  m i l k  i n  shops and supe rm arke ts  i n  an 
u n c o n t r o l le d  c o n d i t i o n  b e fo re  consum ption  (O ve rca s t,  1 9 6 8 ],  M i l k  wh ich  
has been s to re d  a t  low  te m p e ra tu re  (0 -5 °C ) f o r  2 -3  days d i f f e r s  
b a c t e r i o l o g i c a l l y  as w e l l  as p h y s io c h e m ic a l ly  f rom  m i l k  he ld  a t  a h ig h e r  
te m p e ra tu re  o r  a t  a low  te m p e ra tu re  f o r  a s h o r t  t im e  (Thomas, 1969).
The same a u th o r  s ta te d  t h a t  th e  b a c t e r i a l  f l o r a  o f  raw m i l k  c o ld  s to re d  
a t  3-5°C f o r  2 -3  days i s  u s u a l ly  dom inated by p s y c h ro t ro p h s .
Johns (1970) has sugges ted  t h a t  c e r t a i n  compounds p roduced by m ic r o ­
organ ism s i n  raw m i l k  m ig h t  be r e s p o n s ib le  f o r  th e  deve lopm ent o f  o f f -  
f l a v o u r  i n  p a s te u r iz e d  m i l k .  The p s y c h r o t ro p h ic  b a c te r ia  have been 
a s s o c ia te d  w i t h  th e  d e t e r i o r a t i o n  o f  f l a v o u r  i n  bo th  raw and p a s te u r iz e d  
m i l k  (Boyd e t  a l , ,  1955; C ra w fo rd ,  1967; H a r t le y  e ^  , 1969).
The raw m i l k  e f f e c t s  keep ing  q u a l i t y  o f  r e f r i g e r a t e d  p a s te u r iz e d  m i l k  
bu t i t  shou ld  be borne  i n  mind t h a t  th e  count o f  p s y c h r o t r o p h ic  spore 
fo rm e rs  i n  raw m i l k  does n o t  p a r a l l e l  t o t a l  coun t ( S w a r t l in g ,  1953). 
T h e re fo re ,  low  t o t a l  c o u n ts  o f  raw m i l k  a re  no t n e c e s s a r i l y  gua ra n te e s
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o f  good Keeping q u a l i t y  o f  p a s te u r iz e d  m i l k .  The use o f  r e f r i g e r a t i o n  
t o  p ro lo n g  th e  s to ra g e  l i f e  o f  m i l k  on th e  fa rm ,  i n  th e  d a i r y  p la n t ,  
d u r in g  d i s t r i b u t i o n  and m a rk e t in g  and i n  th e  consum er 's  home has 
in c re a s e d  th e  im p o r ta n c e  o f  th e  p s y c h r o t r o p h ic  g roup  o f  b a c te r ia  
t O l i v e r i a  and Parm elee, 1976 ).  These m ic ro -o rg a n is m s ,  w h ich  a re  a b le  
to  grow a t  low  te m p e ra tu re s ,  can cause s p o i la g e  o f  f l u i d  m i l k  and some 
o th e r  d a i r y  p ro d u c ts  when th e y  a re  s to re d  a t  te m p e ra tu re s  in  th e  range 
o f  1 t o  7°C C E l l i k e r  e t  a l , ,  1964; Ford S Babe l, 1969; Lück, 1972; 
Thomas, 1966; Thomas & B ruce , 1969; Thomas e t  a l , ,  1966).
Bergman e ^  _a)^.. C1962) s ta te d  t h a t  th e  d u r a t io n  o f  c o ld  s to ra g e  on th e  
fa rm  a f t e r  p r o d u c t io n  can v a ry  t o  some e x te n t ,  b u t  i n  Sweden i t  i s  
g e n e r a l l y  between 24 and 72 h a t  0-4°C [3 2 -3 9 ° F ) ,  The m i l k  can be c o ld  
s to re d  b o th  a t  th e  fa rm  and a t  th e  d a i r y .
The aim o f  th e  work d e s c r ib e d  i n  t h i s  c h a p te r  was to  i n v e s t i g a t e  th e  
m ic r o b io l o g i c a l  q u a l i t y  o f  raw m i l k  s to re d  a t  2°C and B°C f o r  up to  7 
days and th e  q u a l i t y  o f  p a s te u r iz e d  m i l k  produced f ro m  th e  m i l k  a f t e r  
v a r io u s  p e r io d s  o f  s to ra g e .
EXPERIMENTAL
The m i l k  c o n ta in e d  i n  th e  s i l o  (a round  50,000 1) a t  th e  com m erc ia l d a i r y  
f a c t o r y  was composed o f  a m ix tu r e  o f  a t  l e a s t  two m i l k in g s  c o l l e c t e d  by 
ta n k e r  f rom  fa rm s  in  a r a d iu s  o f  about 30 km from  th e  f a c t o r y .
T h is  s tu d y  was c a r r i e d  o u t u s in g  abou t 2 ,500 1 q u a n t i t i e s  o f  m i l k  from  
a b u lk  s i l o  a t  t h e  M a u ch l in e  Creamery o f  th e  S c o t t i s h  M i l k  M a rk e t in g  
Board i n  th e  West o f  S c o t la n d ,  The m i l k  was d e l i v e r e d  t o  th e  Department 
o f  D a i r y  T echno logy  by road  ta n k e r  and th e  expe r im en t was c a r r i e d  o u t  on 
th r e e  s e p a ra te  o c c a s io n s .  The a c tu a l  age o f  th e  s i l o  m i l k  was u n c e r ta in  
b u t  was a lw a ys  more th a n  tw e n ty  f o u r  hou rs .
1. C o l l e c t i o n  o f  th e  samples
One l o t  o f  1 ,000  1, o f  th e  raw m i l k  was pumped fro m  th e  r e c e iv in g  ta n k
i n t o  a s t a i n l e s s  s t e e l  r e f r i g e r a t e d  ta n k  s u p p l ie d  by Desco D a i r y  Supp ly  
Co. L t d , ,  London, The te m p e ra tu re  o f  th e  m i l k  was m a in ta in e d  a t  2°C. 
T h is  ta n k  i s  s u p p l ie d  w i t h  a m ix e r  w h ich  was t im e d  t o  m ix  th e  m i l k  f o r
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& h e ve ry  6 h. The t a n k  and a g i t a t i o n  meets th e  re q u ire m e n ts  o f  B.S.
397B ( B r i t i s h  S tanda rds  I n s t i t u t i o n ,  1966).  The second l o t  o f  1000 1 
o f  th e  m i l k  was s to re d  i n  a r e f r i g e r a t e d  room a t  6°C i n  a s to ra g e  ta n k  
f i t t e d  w i t h  a R o ta m i lk  m ix e r  s u p p l ie d  by the  M otor Geer and Emc, Co.
L t d . ,  Essex. The same m ix in g  a rrangem ents  were used as f o r  th e  f i r s t  
ba tch  c o n ta in e d  i n  t h e  Desco ta n k .
T rea tm ent o f  th e  samples
Samples o f  raw m i l k  were ta k e n  i n  s t e r i l e  c o n ta in e r s  (568 m l)  im m e d ia te ly  
on d e l i v e r y  by road  ta n k e r  and a f t e r  2, 4 and 7 days o f  s to ra g e .  
P a s te u r iz e d  m i l k  was p roduced  f ro m  th e  m i l k  on d e l i v e r y  and from  each o f  
th e  l o t s  o f  m i l k  a f t e r  2, 4 and 7 days o f  c o ld  s to ra g e  and examined 
im m e d ia te ly  and a f t e r  3, 6 and 9 days o f  s to ra g e  a t  4°C, The p a s te u r iz e d  
samples were ta k e n  f ro m  th e  p a s t e u r i z a t i o n  p la n t  i n  a s t e r i l e  b o t t l e  f rom  
a s t e r i l e  v a lv e  i n  t h e  b o ttom  o f  th e  p a s te u r iz e r  and coo led  im m e d ia te ly  
i n  ic e d  w a te r  to  le s s  th a n  7°C.
3. M i l k  p a s t e u r i z a t i o n
Four hundred and f i f t y  l i t r e s  (100 g a l )  o f  m i l k  were p a s te u r iz e d  a t  72°C 
f o r  15 secs u s in g  a B r i t i s h  m a n u fa c tu re d  p a s te u r iz e r  s u p p l ie d  by APV Co, 
L td . ,  C raw ley , E ng land .
4. P re p a ra t io n  o f  th e  samples f o r  t e s t i n g
Samples o f  raw and p a s te u r iz e d  m i l k  on each day o f  t e s t i n g  were shaken 
th o ro u g h ly  f o r : -
a. m i c r o b io l o g i c a l  a n a ly s is
b, ch e m ic a l  a n a ly s is .  
r  M ic r o b io lo g i c a l  a n a ly s is
Samples o f  raw and p a s te u r iz e d  m i l k  were te s te d  on th e  day o f  d e l i v e r y  by 
road ta n k e r  and a f t e r  s to ra g e  a t  2*^C and 6°C f o r  2 ,  4 and 7 days. 
P a s te u r iz e d  m i l k s  were t e s t e d  im m e d ia te ly  a f t e r  p ro d u c t io n  and a f t e r  3,
6 and 9 days o f  s to ra g e  a t  4°C, The f o l l o w in g  d e te rm in a t io n s  were made:- 
t o t a l  c o lo n y  c o u n t ,  c o l i f o r m  c o u n t ,  p s y c h r o t ro p h ic  c o u n t ,  l i p o l y t i c
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co u n t ,  p r o t e o l y t i c  c o u n t ,  th e rm o d u r ic  coun t and a n t i b i o t i c  t e s t  u s in g  
th e  methods d e s c r ib e d  i n  C h a p te r  One [S e c t io n  1 :1 ,  2, 3 , 4, 5, 6 and 7) 
A l l  th e  t e s t s  were c a r r i e d  o u t  i n  d u p l i c a t e .
RESULTS
The f o l l o w in g  d e te r m in a t io n s  were made i n  each o f  th e  t h r e e  d i f f e r e n t  
t r i a l s .
T o ta l  c o lo n y  coun t 
Ci) Raw m i l k
The r e s u l t s  o f  th e  c o lo n y  c o u n ts  t e s t s  made on samples o f  m i l k  take n  
on th e  day o f  d e l i v e r y  by th e  ro a d  t a n k e r  and a f t e r  s to ra g e  a t  2°C 
and 6°C f o r  2, 4 and 7 days a re  shown i n  Tab le  2 .1 ,
A s i g n i f i c a n t  d i f f e r e n c e  [ a t  1 p e r  ce n t  l e v e l )  was found between
the  t r i a l s * .  No s i g n i f i c a n t  d i f f e r e n c e  was found  i n  the  mean 
c o un ts  o f  th e  m i l k  on th e  day o f  d e l i v e r y  and a f t e r  th e  s to ra g e  f o r  
2 days a t  2°C.
S to rage  o f  th e  raw m i l k  a t  2°C f o r  4 days a f t e r  d e l i v e r y  r e s u l t e d  i n
s i g n i f i c a n t  d i f f e r e n c e s  [p  < 0 .0 1 )  i n  th e  t o t a l  c o lo n y  coun t compared
to  th e  i n i t i a l  v a lu e .  A h ig h  s i g n i f i c a n t  (p < 0 .0 0 1 )  in c re a s e  i n  
t o t a l  c o lo n y  c o u n t  was fou n d  i n  th e  7 th  day o f  s to ra g e  o f  th e  raw
m i l k  a t  2°C compared t o  th e  i n i t i a l  v a lu e .
The mean t o t a l  c o lo n y  c o u n t  o f  th e  raw m i l k s  s to re d  a t  6°C f o r  2 
days was s i g n i f i c a n t l y  d i f f e r e n t  [p < 0 .0 1 )  from  th e  mean i n i t i a l  
v a lu e s .  H ig h ly  s i g n i f i c a n t  in c re a s e s  [p < 0 .0 0 1 )  were found  i n  
the  t o t a l  c o lo n y  c o un ts  o f  th e  raw  m i l k s  s to re d  a t  B°C f o r  4 and 
7 days compared w i t h  th e  m i l k  on d e l i v e r y .  The mean v a lu e  o f  th e  
t o t a l  c o lo n y  co u n t  f o r  th e  raw m i l k s  on th e  day o f  d e l i v e r y  by the  
road  t a n k e r  was 203 x 10^ p e r  m l .  A f t e r  7 days s to ra g e  o f  the  raw
m i l k  a t  2°C th e  coun t had in c re a s e d  to  18 x 10^ pe r m l.  The
*The t o t a l  b a c t e r i a l  co u n ts  i n  t h e : -  
F i r s t  t r i a l  161 ,000  p e r  ml 
Second t r i a l  341 ,000  p e r  ml 
T h i rd  t r i a l  105 ,000  p e r  ml
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s to ra g e  o f  th e  same m i lK  a t  B°C f o r  7 days r e s u l t e d  i n  a co u n t o f  
224 X 10® p e r  m l .
The v a r i a t i o n s  i n  th e  t o t a l  c o lo n y  coun t o b ta in e d  w i t h  d i f f e r e n t  
t im e  and te m p e ra tu re s  a re  i l l u s t r a t e d  i n  F ig .  2 .1 .
C i i )  P a s te u r iz e d  m i l k
Tab le  2 .2  shows the  t o t a l  c o lo n y  co un ts  o f  samples o f  p a s te u r iz e d
f r e s h  and c o ld - s t o r e d  m i l k s  on p ro c e s s in g  and a f t e r  s to ra g e  f o r  3, 
6 and 9 days a t  4^C. A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  (a t  0.1  p e r  
c e n t  l e v e l )  was found  i n  the  co un ts  between the  d i f f e r e n t  t r i a l s * .
The s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days r e s u l t e d  i n
a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  (a t  0.1 p e r  cen t l e v e l )  compared
w i t h  th e  day o f  p ro c e s s in g .  The mean o f  th e  t o t a l  c o lo n y  coun ts  
o f  p a s te u r iz e d  m i l k  p re pa re d  on th e  day o f  d e l i v e r y  o f  th e  raw m i lk s  
and a f t e r  th e  s to ra g e  o f  th e  raw  m i l k  f o r  7 days a t  2°C were n o t  
s i g n i f i c a n t l y  d i f f e r e n t .  On th e  o th e r  hand th e  t o t a l  c o lo n y  co u n ts  
o f  p a s te u r iz e d  m i l k s  p re pa re d  f ro m  raw m i l k  s to re d  a t  6°C f o r  2,
4 and 7 days showed a h ig h ly  s i g n i f i c a n t  in c re a s e  (p < 0 .001) 
compared to  th e  i n i t i a l  v a lu e s  o b ta in e d  when p a s t e u r i z a t i o n  to o k  
p la c e  on th e  day o f  raw m i l k  d e l i v e r y .
The mean o f  th e  t o t a l  c o lo n y  c o un ts  o f  p a s te u r iz e d  m i l k  produced
from  raw m i l k  on th e  day o f  d e l i v e r y  by th e  road  ta n k e r  was
48 X 10^ p e r m l.
The mean t o t a l  c o lo n y  co u n t  o f  the  p a s te u r iz e d  m i l k  produced from 
raw m i l k  on d e l i v e r y  by road  ta n k e r  and a f t e r  th e  s to ra g e  f o r  up 
to  9 days was 71 x 10® p e r  m l.  The mean t o t a l  c o lo n y  co un t o f  the
p a s te u r iz e d  m i l k s  p roduced from  raw m i lk s  s to re d  a t  2°C f o r  7 days
was 88 X 10® p e r  m l,  w h i le  th e  mean t o t a l  c o lo n y  co u n t  f o r  the
p a s te u r iz e d  m i l k s  p roduced fro m  raw m i l k s  s to re d  a t  6°C f o r  7 days
was 667 X 10® per m l.  The mean t o t a l  c o lo n y  co u n t  f o r  p a s te u r iz e d
*The t o t a l  b a c t e r i a l  coun ts  i n  t h e : -  
F i r s t  t r i a l  106,000 p e r  ml 
Second t r i a l  30,000 p e r  ml 
T h i r d  t r i a l  8 ,500  p e r  ml
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TABLE 2.1
The t o t a l  c o lo n y  c o u n t /m l  C30°C f o r  3 d a ys ) ,  expressed  as lo g  , 
o f  raw m i l k  CRM) on d e l i v e r y  by road  ta n k e r ,  and a f t e r  s to ra g e  
f o r  2, 4 and 7 days a t  2°C and 6°C
T r i a l Bay o f  d e l i v e r y
RM s to r e d  a t 2°C RM s to r e d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 11.99 12.29 12.66 14.73 13.21 13.02 18. 99
2 12.74 12.81 15.26 16.33 16.38 16.71 19.40
3 11.56 12.46 15.38 17 .50 14.73 17.66 19.25
Mean 12.10 12 .52 14.43 16.19 14.77 15.79 19.21
OF MS VR
T r i a l 2 7.141 6 .9 5 3 * *
T rea tm en t ( t - “  H b e lo iv  ) 6 17.373 1 6 .9 1 5 * * *
1. F V r e s t 29.550 3 5 .6 9 2 8 * * *
2. S to ra g e ] ' 25.290 3 0 .5 4 7 0 * * *3. Tem pera tu re
1 '
22.038 2 6 .6 1 9 8 * * *
4, S to ra g e . T em pera tu re U 1.034 1.2496
R e s id u a l 12 1.027
T o ta l 20 6.542
Tab le  T r i a l  T re a tm en t S to ra g e  Tem peratu re  S to ra g e .  Tem peratu re
REP
SED
7
0.524
3
0.827
Unequal
0 .679
Unequal
0.640
3
0.784
*  
* * 
*  *  *
s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
ir » » ri tf
i l  " 0 1  "  "  "
TABLE 2 .2
The o v e r a l l  t h r e e - t r i a l  t o t a l  c o lo n y  c o u n t /m l C30°C f o r  3 d a y s ] ,  
expressed as lo g g  o f  p a s te u r iz e d  m i l k  (PM) produced f ro m  raw m i l k  
[RM] on d e l i v e r y  by road  ta n k e r  [PD] and a f t e r  s to ra g e  f o r  2, 4 
and 7 days a t  2°C and B°C. The t o t a l  c o lo n y  co un ts  o f  th e  
p a s te u r iz e d  m i l k s  were made on th e  day o f  p ro c e s s in g  and a f t e r  
s to ra g e  o f  th e  m i l k s  f o r  3, 6 and 9 days a t  4°C
PM
s to ra g e PD
PM f ro m  RM s to r e d  a t  2°C PM from  RM s to re d  a t  B°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
B days 
9 days
10.31
10.50
10.74
10.83
10.62
10 .79
10.85
11.11
10.59
10.85
10 .92
11.23
10.88 
10. 91 
10.96 
11.17
11.01
11.31
11.36
12.97
11.55
11.89
11.94
12.62
11.69
11.73
12.18
13.14
Mean 10.61 10 .84 10.91 10.98 11.66 12.05 12.18
OF MS VR
T r i a l 2 81.109 1 8 8 .9 7 5 * * *
PM s to ra g e 3 3.547 8 .2 6 3 * * *
Trea tm ent (  I  -  ^ 6 4.883 1 1 .3 7 8 * * *
1. F V r e s t -  ^ 7.266 8 .8 6 1 * * *
2. S to rage 2 0.687 0.838
3. Tem peratu re 1 20.135 2 4 ,5 4 1 * * *
4. S to ra g e .  Tem pera tu re u2 0.262 0.319
T r i a l .  PM s to ra g e 6 0.090 0.210
T r i a l .  T rea tm en t 12 2.760 6 ,4 3 1 * * *
PM s to ra g e .  T rea tm en t 18 0.273 0.637
R e s id u a l 36
T o ta l 83
Tab le  T rea tm en t T re a tm e n t .  PM S to rage S torage T em peratu re
REP 12 3 Unequal Unequal
SED 0.268 0. 535 0.2723 0.2576
* s i g n i f i c a n t  a t  5 p e r  cen t l e v e l
S to rage
Tem peratu re
12
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m i l k  a f t e r  th e  s to ra g e  f o r  16 days was 121 x 10^ p e r  m l ( f ro m  raw 
m i l k  s to r e d  a t  2°C f o r  7 d a y s ) ,  w h i le  th e  mean o f  t h e  t o t a l  c o lo n y  
co u n t  f o r  p a s te u r iz e d  m i l k  a f t e r  th e  s to ra g e  f o r  IB days was 
872 X 10^ p e r  m l ( f ro m  raw m i l k  s to re d  a t  B°C f o r  7 d a y s ) .  The 
v a r i a t i o n  i n  th e  t o t a l  c o lo n y  co u n t  o b ta in e d  from  d i f f e r e n t  t r e a t ­
ments w i t h  th e  s to ra g e  t im e  a re  i l l u s t r a t e d  i n  F ig s  2 ,2  and 2 .3 .
C o l i f o r m  co un t 
[ i ) Raw m i l k
The c o l i f o r m  co u n ts  o f  raw m i l k  on th e  day o f  d e l i v e r y  by a road 
ta n k e r  and a f t e r  th e  s to ra g e  a t  2°C and B°C f o r  2, 4 and 7 days a re  
p re s e n te d  i n  T a b le  2 .3 .
A h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  c e n t  l e v e l )  was found  
i n  th e  c o l i f o r m  coun t between d i f f e r e n t  t r i a l s ? .  The s to ra g e  o f  
th e  raw m i l k  f o r  2, 4 and 7 days showed a h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  [ a t  0.1 p e r  cen t l e v e l )  i n  th e  c o l i f o r m  coun t from  th e  
day o f  d e l i v e r y .
The mean o f  th e  c o l i f o r m  co u n ts  o f  raw m i l k  samples showed no 
s i g n i f i c a n t  d i f f e r e n c e  between m i l k s  te s te d  on th e  day o f  d e l i v e r y  
and a f t e r  2 days s to re d  a t  2°C. There was however a s i g n i f i c a n t  
d i f f e r e n c e  [p < 0 .0 5 )  a f t e r  4 days and a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  
[p < 0 .0 0 1 )  a f t e r  7 days o f  s to ra g e  o f  th e  same m i l k  a t  2°C. The 
c o l i f o r m  coun t o f  th e  raw m i l k  s to re d  a t  B°C was s i g n i f i c a n t l y  
in c re a s e d  Cp < 0 .0 1 )  by 2 days o f  s to ra g e .  S to ra g e  f o r  4 days
r e s u l t e d  i n  an in c re a s e  i n  coun t Cp < 0 .001 ) and th e  h ig h e s t  
s i g n i f i c a n t  in c re a s e  a f t e r  7 days o f  s to ra g e .  The coun t o f  c o l i f o r m  
organ ism s in c re a s e d  more i n  th e  samples o f  raw m i l k  s to re d  a t  6°C 
than  i n  th e  samples o f  raw m i l k  s to re d  a t  2°C, [F ig  2 . 4 ) .  The 
mean coun t o f  th e  c o l i f o r m  f o r  th e  raw m i l k  on th e  day o f  d e l i v e r y  
from  th e  ro a d  ra n k e r  i s  3 x 10^ p e r  m l.  A f t e r  7 days o f  s to ra g e
*The c o l i f o r m  coun t i n  t h e ; -
F i r s t  t r i a l  1 ,775 p e r  ml 
Second t r i a l  5 ,745 p e r  ml 
T h i r d  t r i a l  2 ,385 p e r  ml
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TABLE 2 ,3
The c o l i f o r m  c o u n t /m l  [3D°C f o r  1 d a y ) ,  expressed as lo g  , 
o f  samples o f  raw m i l k  CRN) on d e l i v e r y  by road  ta n k e r  and 
a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and 6°C
T r i a l Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 7.48 7 .99 8 .97 11.41 9.07 9.99 14.99
2 8 .66 8 .6 3 10.31 13.06 10.69 12.79 17.62
3 7.78 8 .29 10 .13 12.65 10.28 14.78 17.64
Mean 7 .97 8 .30 9 .80 12.37 10.02 12.52 16.74
OF MS VR
T r i a l 2 6.5579 2 2 .1 4 8 * * *
F V r e s t 1 34.3692 1 1 6 .0 7 4 ** *
T r i a l .  F V r e s t 2 0.5569 1.881
F V r e s t . S to rage 2 44.6948 1 5 0 .9 4 7 ** *
F V r e s t . Temperature 1 38.7450 1 3 0 .8 5 3 ** *
T r i a l .  F V r e s t .  S to rag e 4 0.6686 2.258
T r i a l  F v r e s t .  Tem peratu re 2 1.4801 4. 999
F V r e s t . S to ra g e . Tem pera tu re 2 2.7037 9.131*
R e s id u a l 4 0.2961
T o ta l 20 9.4480
Tab le
REP
SED
S to ra g e .
Tem perature
3
0.444
S to rage
Unequal 
0. 385
T em perature
Unequal 
0 .363
T r i a l
7
0.291
* s i g n i f i c a n t  a t  5
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a t  2°C th e  raw m i lK  c o l i f o r m  coun t was 291 x 10^ p e r  m l, w h i le  i t  
was 3 x 1 0 ^  p e r  ml f o r  th e  same raw m i l k  s to re d  a t  B°C a f t e r  7 days.
The c o l i f o r m  coun t showed a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  
Cr = 0 ,9521 , p < 0 .0 0 1 )  w i t h  th e  t o t a l  c o lo n y  c o u n t .  The c o r r e l a t i o n  
c o e f f i c i e n t  w i t h  p s y c h r o t r o p h ic  coun t was h ig h ly  s i g n i f i c a n t  
Cr = 0 ,8305 , p < 0 ,0 0 1 )  Tab le  2 .1 1 .
C i i )  P a s te u r iz e d  m i l k
I n  a l l  th e  e x p e r im e n ts ,  non o f  th e  samples o f  p a s te u r iz e d  m i l k  
produced from  raw m i l k  on d e l i v e r y  by road ta n k e r  o r  a f t e r  s to rag e  
a t  2°C and 6°C f o r  up t o  7 days gave p o s i t i v e  r e s u l t s  f o r  c o l i f o r m  
in  1 m l.
S to rage  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days a f t e r  p ro c e s s in g  
d id  no t r e s u l t  i n  th e  presence  o f  c o l i f o r m  i n  samples o f  th e  
p a s te u r iz e d  m i l k .
P s y c h r o t ro p h ic  coun t 
Ci ) Raw m i l k
T ab le  2 .4  shows th e  p s y c h r o t r o p h ic  coun ts  o f  raw m i l k  on th e  day o f  
d e l i v e r y  by a road ta n k e r  and a f t e r  s to ra g e  a t  2°C and B°C f o r  2, 4 and 
7 days. The mean p s y c h r o t r o p h ic  coun t o f  raw m i l k  samples s to re d  a t  
6°C was h ig h e r  th a n  th e  coun t o f  th e  same m i l k  s to re d  a t  2°C, A 
s i g n i f i c a n t  d i f f e r e n c e  Cat th e  5 p e r  ce n t l e v e l )  i n  th e  p s y c h r o t ro p h ic  
count was found  between th e  i n d i v i d u a l  t r i a l s * .  The s to ra g e  o f  th e  
raw m i l k  f o r  2, 4 and 7 days was a s s o c ia te d  w i t h  s i g n i f i c a n t  d i f f e r e n c e  
Cat 1 p e r  ce n t  l e v e l )  i n  th e  p s y c h r o t r o p h ic  c o u n t .  The te m p e ra tu re  
o f  s to ra g e  had a s i g n i f i c a n t  e f f e c t  Cat 5 p e r  ce n t  l e v e l )  on th e  
p s y c h r o t r o p h ic  coun t o f  m i l k  on th e  day o f  d e l i v e r y  by th e  road  ta n k e r  
and a f t e r  s to ra g e  f o r  7 days. No s i g n i f i c a n t  d i f f e r e n c e  was found  
between th e  mean p s y c h r o t r o p h ic  coun t f o r  raw m i l k  on th e  day o f
*The p s y c h r o t r o p h ic  coun t i n  t h e : -  
F i r s t  t r i a l  5 ,195  p e r  ml 
Second t r i a l  484,000 p e r  ml 
T h i r d  t r i a l  34,500 p e r  ml
23
TABLE 2 .4
The p s y c h r o t r o p h ic  c o u n t /m l  [7 C f o r  10 d a y s ) ,  expressed  as 
lo g g ,  o f  samples o f  raw m i l k  CRN) on d e l i v e r y  by a road  ta n k e r  
and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2 C and 6°C
T r i a l Day o f  d e l i v e r y
RM s to r e d  a t 2°C RM s to r e d  a t B°C
2 days 4 days 7 days 2 days 4 days 7 days
1 8 .56 9 .08 16 .03 16.64 9 .26 13 .83 18.44
2 13.09 13.44 16.08 17.13 15,98 17.37 19.54
3 10.45 12 .33 14.95 16.91 14.60 17.71 19.11
Mean 11.47 11.62 15.69 16.89 14.05 17.07 19.20
DF MS VR
T r i a l 2 19.067 16 .547*
F V r e s t 1 47.243 4 1 .0 0 0 * *
T r i a l .  F V r e s t 2 1.388 1.204
F V r e s t . S to rage 2 42.507 3 6 .8 8 9 **
F V r e s t . Tem peratu re 1 18.705 16 .233*
T r i a l .  F V r e s t .  S to ra g e 4 4.646 4 .032
T r i a l .  F V r e s t .  Tem peratu re 2 5.421 4 .704
F V r e s t . S to ra g e .  Tem peratu re 2 0.491 0.426
R e s id ua l 4 1.152
T o ta l 20 11.344
T ab le
REP
SED
S to rage
Tem pera tu re
3
0.676
S to ra g e
Unequal
0 .759
Tem perature
Unequal
0 .716
T r i a l
7
0 .574
* s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
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d e l i v e r y  and a f t e r  I t s  s to ra g e  f o r  2 days a t  2°C and a s i g n i f i c a n t  
d i f f e r e n c e  [p < 0 .0 1 )  a f t e r  4 days a t  2°C, and Cp < 0 .0 0 1 )  a f t e r  7 
days a t  2^C, w h i le  th e  raw m i l k  s to re d  a t  6°C showed a s i g n i f i c a n t  
d i f f e r e n c e  Cp < 0 .0 5 )  a f t e r  2 days and Cp < 0 .001 ) a f t e r  4 days and 
h ig h e s t  s i g n i f i c a n t  a f t e r  7 days i n  th e  p s y c h r o t r o p h ic  c o u n t .
T ab le  2 .1 1 .
The v a r i a t i o n s  i n  th e  c o un ts  o f  p s y c h r o t r o p h ic  o rgan ism s i n  th e  raw 
m i l k  d u r in g  th e  s to ra g e  t im e  a t  2°C and B°C a re  i l l u s t r a t e d  i n  F ig  2 ,5 , 
The mean o f  th e  p s y c h r o t r o p h ic  co un ts  o f  raw m i l k s  on th e  day o f  
d e l i v e r y  by a road ta n k e r  was 175 x 10^ p e r  m l.  A f t e r  s to rag e  o f  
th e  raw  m i l k  samples a t  2°C f o r  7 days th e  mean coun t was 22 x 10® 
pe r m l w h i le  th e  mean coun t o f  th e  raw m i l k  samples a t  B°C f o r  7 
days was 24B x 10® p e r  m l.
The p s y c h r o t r o p h ic  co un t showed a h ig h l y  s i g n i f i c a n t  c o r r e l a t i o n  
c o e f f i c i e n t  Cr = O.8BB0, p < 0 .0 0 1 )  w i t h  th e  t o t a l  c o lo n y  c o u n t .
T a b le  2 .1 1 .
C i i )  P a s te u r iz e d  m i l k
A l l  samples o f  p a s te u r iz e d  m i l k  on p ro c e s s in g  and a f t e r  s to ra g e  a t  4°C 
f o r  up t o  9 days gave no co u n t  when p la te d  o u t  a t  1 ml i n  th e  p s y c h ro ­
t r o p h i c  t e s t .
L i p o l y t i c  coun t
Ci) Raw m i l k
Tab le  2 .5  p re s e n ts  th e  l i p o l y t i c  co u n ts  o f  raw m i l k s  on th e  day o f  
d e l i v e r y  by a road  ta n k e r  and a f t e r  th e  s to ra g e  a t  2°C and B°C f o r  
2, 4 and 7 days. A s i g n i f i c a n t  d i f f e r e n c e  Cat 1 p e r  cen t l e v e l )  
was fou n d  i n  th e  l i p o l y t i c  coun ts  o f  th e  raw m i l k s  o b ta in e d  in  
d i f f e r e n t  t r i a l s * .  The mean o f  th e  l i p o l y t i c  coun ts  showed no
*The l i p o l y t i c  coun t i n  t h e : -
F i r s t  t r i a l  3 3 ,ODD p e r  ml 
Second t r i a l  55,000 p e r  ml 
T h i rd  t r i a l  33,000 p e r  ml
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s i g n i f i c a n t  a l t e r a t i o n  a f t e r  2 days s to ra g e  a t  2°C, w h i le  th e re  was 
s i g n i f i c a n t  [p < 0 .0 1 )  in c re a s e  i n  the  l i p o l y t i c  co u n t  a f t e r  s to ra g e  
o f  th e  m i l k  f o r  4 and 7 days a t  2°C. A s i g n i f i c a n t  in c re a s e  
[p < 0 .0 5 )  i n  th e  l i p o l y t i c  co un t was found  a f t e r  th e  s to ra g e  o f  th e  
raw m i l k  a t  6°C f o r  2 days , w h i le  a f t e r  4 days o f  s to ra g e  o f  the  
same m i l k  a t  6°C a f u r t h e r  in c re a s e  i n  numbers (p < 0 .0 1 )  was 
obse rved . A h ig h l y  s i g n i f i c a n t  Cp < 0 .001 ) d i f f e r e n c e  was found in  
th e  l i p o l y t i c  coun t a f t e r  7 days s to ra g e  o f  th e  raw m i l k  a t  B°C,
The v a r i a t i o n s  i n  th e  l i p o l y t i c  coun t due t o  th e  s to ra g e  t im e  a t  
d i f f e r e n t  t r e a tm e n ts  a re  shown i n  F ig  2 .6 .  The mean o f  th e  l i p o ­
l y t i c  co u n t  o f  raw m i l k  on th e  day o f  d e l i v e r y  by th e  road ta n k e r  
was 40 X 10® p e r  m l.  A f t e r  th e  s to ra g e  o f  the  raw m i l k  a t  2°C 
f o r  7 days th e  coun t was 87 x 10® per m l, w h i le  th e  s to ra g e  o f  the  
same m i l k  a t  B°C f o r  7 days r e s u l t e d  i n  a co un t o f  501 x 10® pe r m l.
The l i p o l y t i c  c o u n t  showed a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  
c o e f f i c i e n t  Cr = 0 ,9102 , p < 0 .0 0 1 )  w i th  th e  t o t a l  c o lo n y  c o u n t .
The c o r r e l a t i o n  c o e f f i c i e n t  w i t h  p s y c h r o t ro p h ic  c o u n t  was h ig h ly  
s i g n i f i c a n t  Cr = 0 .8770 , p < 0 .0 0 1 ) .  The c o r r e l a t i o n  c o e f f i c i e n t  
w i t h  c o l i f o r m  coun t was h ig h ly  s i g n i f i c a n t  Cr = 0 .87B1, p < 0 .0 0 1 ) .  
Tab le  2 .1 1 ,
C i i )  P a s te u r iz e d  m i l k
The l i p o l y t i c  coun t o f  p a s te u r iz e d  m i lk s  produced from  raw m i l k  on 
th e  day o f  d e l i v e r y  by a road  t a n k e r  and a f t e r  th e  s to ra g e  o f  the  
raw m i l k  a t  2°C and B°C f o r  2, 4 and 7 days and o f  th e  co r re s p o n d in g  
p rocessed  m i l k  s to re d  f o r  3, B and 9 days a t  4°C a re  g iv e n  in  
Tab le  2 .6 .  A h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 0 .1 p e r  c e n t  l e v e l )  
was fo u n d  between th e  t r i a l s *  i n  r e l a t i o n  to  l i p o l y t i c  c o u n ts .
No s i g n i f i c a n t  d i f f e r e n c e  was found  i n  the  l i p o l y t i c  coun t o f  m i l k  
p a s te u r iz e d  on d e l i v e r y  by road  ta n k e r  and t h a t  o b ta in e d  f o r
*The l i p o l y t i c  coun t i n  t h e : -
F i r s t  t r i a l  3 ,400 p e r  ml 
Second t r i a l  32,000 p e r  ml 
T h i r d  t r i a l  1 ,000  p e r  ml
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TABLE 2 .5
The l i p o l y t i c  c o u n t /m l  [30°C f o r  3 d a y s ) ,  expressed as lo g g ,  
o f  samples o f  raw m i l k  CRM) on d e l i v e r y  by a road  ta n k e r  and 
a f t e r  s to ra g e  f o r  2 , 4 and 7 days a t  2°C and 6°C
T r i a l Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 10.40 11 .23 12.77 1 5.07 12.55 12.47 16.42
2 10.92 13.08 17 .50 19.25 15.92 19.30 20 .99
3 10.40 12 .1 0 15.42 17.15 14.65 17.25 19.06
Mean 10.57 12 .14 15.23 17.16 14.37 16.34 ‘ 18 .82
T r i a l
T rea tm en t ( Î -  V é > -e lo u j)
1. F V r e s t
2. S torage
3. Tem perature
4. S to rage . T em pera tu re  
R e s id u a l
T o ta l
MS ^
24.456 21 .132**
24.632 2 1 .2 6 5 **
66.9269 5 50 5 .0 7 95 ***
33.6807 3 2 8 .5 6 8 7 ***
12.5464 1 03 2 .0 0 42 ***
0,4797 3 9 .4 60 5 **
1.157
10. 530
Tab le  T rea tm en t T r i a l  S to ra g e  Tem perature
REP
SED
3
0.878
7
G. 575
Unequal
0.2435
Unequal
0.2296
S to ra g e .
Tem perature
3
0.2612
* s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
*  *  I» I» / j  I I  I I  I I
*  *  II  I I  g  / j  I I  I I  II
TABLE 2 .6
The o v e r a l l  t h r e e  t r i a l  l i p o l y t i c  c o u n t /m l  (3ü°C f o r  3 d a y s ] ,  
expressed as lo g g ,  o f  p a s te u r iz e d  m i l k  [PM) produced from  raw 
m i l k  [RM) on d e l i v e r y  by a road  ta n k e r  [PD) and a f t e r  s to ra g e  
f o r  2 , 4 and 7 days a t  2°C and 6°C. The co u n ts  f o r  p a s te u r iz e d  
m i l k s  were o b ta in e d  on th e  day o f  p ro c e s s in g  and a f t e r  3 , B and 
9 days o f  s to ra g e  a t  r e f r i g e r a t o r  te m p e ra tu re  [ 4 ° 0
PM
s to ra g e PD
PM from  RM s to re d  a t  2°C PM from  RM s to re d  a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
6 days 
9 days
8 .47
9 .14
9 .25
9 .49
8 .6 6
9.01
9 .74
9 .90
9 .25
9.61
99.74
10.42
9.27
9 .82
9 .98
10.49
9.77 
10. 07 
10.24 
10.45
10.80
10.91
10.95
12.21
10.97
10.27
10.50
12.38
Mean 9.09 9 .33 9 .75 10.00 10.14 11.22 11.03
DF MS W
T r i a l 2 167,788 5 9 2 .9 4 1 ** *
PM S to rage 3 4 .915 1 7 .3 6 9 * * *
T rea tm en t ( 7 _ 4  é>-e/ouj ) 6 7.741 2 7 .3 5 4 * * *
1. r  V r e s t " 1 13.763 2 0 .6 9 6 * * *
2. S to rage 2 4.733 7 .1 1 7 * *
3. Tem peratu re 1 21.867 3 2 .8 8 4 * * *
4. S to rage . Tem peratu re  |^  2 0.673 1.013
T r i a l .  PM S to rage 6 1.085 3 .8 3 5 * *
T r i a l .  T rea tm en t 12 2. 098 7 .4 1 2 * * *
PM S to ra g e .  T rea tm en t 18 0.339 1.198
R e s id u a l 36
T o ta l 83
T ab le  T rea tm en t
REP
SED
12
0.2172
T re a tm e n t . 
PM S to rage
3
0.4343
S to rage  T em peratu re
Unequal
0.2328
Unequal
0.2195
S t o r a g e  
T e m p era tu re
12
0.2688
* s i g n i f i c a n t  a t  5 p e r  ce n t l e v e l
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p a s te u r iz e d  m i l k  d e r iv e d  fro m  th e  same m i l k  a f t e r  s to ra g e  f o r  2 
days a t  2°C. A h ig h ly  s i g n i f i c a n t  (p < 0 .0 0 1 ) in c re a s e  i n  
l i p o l y t i c  o rgan ism s was found i n  p a s te u r iz e d  m i l k  p roduced from  raw 
m i l k  s to re d  a t  2°C f o r  4 and 7 days, w h i le  th e  p a s te u r iz e d  m i l k  
p roduced from  raw m i l k  s to re d  a t  B°C f o r  2, 4 and 7 days gave th e  
g r e a t e s t  in c re a s e  i n  numbers [p < 0 .0 0 1 ) .  A s i g n i f i c a n t  d i f f e r e n c e  
Cat 1 p e r  ce n t  l e v e l )  was found  between the  i n d i v i d u a l  t r i a l s  and 
th e  s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days.
The s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days a f t e r  
p ro c e s s in g  r e s u l t e d  i n  a h ig h l y  s i g n i f i c a n t  in c re a s e  [ a t  0 .1 p e r  
c e n t  l e v e l )  i n  th e  l i p o l y t i c  c o u n t .  The v a r i a t i o n s  i n  th e  l i p o ­
l y t i c  co un t due to  th e  s to ra g e  t im e  a t  d i f f e r e n t  te m p e ra tu re s  a re  
i l l u s t r a t e d  i n  F ig s  2 .7  and 2 .8 .  The mean o f  th e  l i p o l y t i c  coun ts  
f o r  th e  p a s te u r iz e d  m i l k s  on the  day o f  d e l i v e r y  by a road  ta n k e r  
was 12 X 10^ p e r  m l.  A f t e r  s to ra g e  o f  the  raw m i l k  a t  2°C f o r  7 
days th e  mean coun t o f  l i p o l y t i c  o rgan ism s i n  th e  p a s te u r iz e d  m i l k  
p roduced f ro m  th e  same m i l k  was 45 x 10^ p e r  m l.  The co u n t  o f  
l i p o l y t i c  o rgan ism s o f  the  p a s te u r iz e d  m i l k  p roduced  from  raw m i l k  
s to re d  a t  6°C f o r  7 days was 107 x 10^ p e r  m l.  The l i p o l y t i c  
co u n t  o f  th e  p a s te u r iz e d  m i l k  p roduced f ro m .ra w  m i l k  s to re d  a t  2°C 
f o r  7 days and he ld  a f t e r  heat t r e a tm e n t  f o r  9 days was 81 x 10^ 
p e r  m l,  w h i le  th e  coun t f o r  th e  c o r re s p o n d in g  p a s te u r iz e d  m i l k  
produced from  raw m i l k  s to re d  a t  6°C f o r  7 days and he ld  i n  c o ld  
s to ra g e  a t  4°C f o r  9 days was 368 x 10^.
The l i p o l y t i c  coun t showed a h ig h  s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  
Cr = 0 ,7332 , p < 0 .0 0 1 ) w i t h  th e  t o t a l  c o lo n y  c o u n t .  Tab le  2 .1 2 .
P r o t e o l y t i c  co u n t
C i) Raw m i l k
The p r o t e o l y t i c  coun ts  o f  raw m i l k s  a re  p re s e n te d  i n  Tab le  2 .7 .  
s i g n i f i c a n t  d i f f e r e n c e  Cat 1 p e r  c e n t  l e v e l )  was found  between 
d i f f e r e n t  t r i a l s *  i n  th e  p r o t e o l y t i c  co un t.  No s i g n i f i c a n t
*The p r o t e o l y t i c  coun t i n  t h e : -
F i r s t  t r i a l  127,500 p e r  ml 
Second t r i a l  400,000 p e r  ml 
T h i rd  t r i a l  73 ,750  p e r  ml
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d i f f e r e n c e  was found  in  th e  .mean p r o t e o l y t i c  coun t o f  m i l k s  on th e  
day o f  d e l i v e r y  by a road ta n k e r  and th e  coun t o f  t h e  same m i l k  a f t e r  
th e  s to ra g e  a t  2°C f o r  2 days. A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  
[p < 0 .0 0 1 )  was found  between th e  i n i t i a l  p r o t e o l y t i c  coun t and t h a t  
o b ta in e d  a f t e r  4 and 7 days o f  s to ra g e  a t  2°C. The raw m i l k
s to re d  f o r  2 days a t  B°C had a p r o t e o l y t i c  co un t w h ich  showed a
h ig h l y  s i g n i f i c a n t  in c re a s e  [p < 0 .001 ) compared w i t h  th e  i n i t i a l  
v a lu e s .  H ig h e r  in c re a s e s  a f t e r  4 days o f  s to ra g e  on th e  same 
te m p e ra tu re  and h ig h e s t  in c re a s e  a f t e r  7 days s to ra g e  o f  th e  same 
m i l k  a t  B°C on th e  p r o t e o l y t i c  c o u n t .  The v a r i a t i o n  i n  th e  
p r o t e o l y t i c  co u n t  due t o  th e  s to ra g e  t im e  a t  d i f f e r e n t  te m p e ra tu re s  
i s  i l l u s t r a t e d  i n  F ig ;  2 .9 .
The mean p r o t e o l y t i o  co u n t  o f  th e  raw m i l k s  on th e  day o f  d e l i v e r y  
by a road  ta n k e r  was 200 x 10^ per m l.  A f t e r  7 days s to ra g e  o f
th e  raw m i l k s  a t  2°C th e  mean coun t was 47 x 10^ p e r  m l,  w h i le
a f t e r  7 days s to ra g e  o f  th e  same m i l k s  a t  6°C th e  mean count was 
258 X 10^ p e r  m l.
The p r o t e o l y t i c  coun t showed a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  
c o e f f i c i e n t  Cr = 0 .9580 , p < 0 .0 0 1 )  w i t h  th e  t o t a l  c o lo n y  c o u n t .
The c o r r e l a t i o n  c o e f f i c i e n t  w i t h  th e  p s y c h r o t r o p h ic  coun t was h ig h ly  
s i g n i f i c a n t  Cr = 0 .8957 , p < 0 .0 0 1 ) .  The c o r r e l a t i o n  c o e f f i c i e n t
w i t h  th e  c o l i f o r m  count was h ig h ly  s i g n i f i c a n t  Cr = 0 .9154, p < 0 .001 ) 
The c o r r e l a t i o n  c o e f f i c i e n t  w i t h  th e  l i p o l y t i c  co un t was h ig h ly  
s i g n i f i c a n t  Cr = 0 ,9353 , p < 0 .0 0 1 ) ,  T a b le  2 .1 1 .
C i i )  P a s te u r iz e d  m i l k
The p r o t e o l y t i c  co un ts  a re  p re se n te d  in  Tab le  2 .8 .  There was a 
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  c e n t  l e v e l )  in  th e  p r o ­
t e o l y t i c  c o u n ts  o f  th e  m i l k s  produced in  th e  d i f f e r e n t  t r i a l s * .  
S to rage  o f  raw  m i l k  a t  2°C b e fo re  p ro c e s s in g  had no s i g n i f i c a n t  
e f f e c t  on th e  p r o t e o l y t i c  coun t o f  th e  p a s te u r iz e d  m i l k  compared
*The p r o t e o l y t i c  coun t i n  t h e : -
F i r s t  t r i a l  15,900 p e r  ml 
Second t r i a l  118 ,000  p e r  ml 
T h i r d  t r i a l  2 ,100  p e r  ml
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TABLE 2.7
The p r o t e o l y t i c  c o u n t /m l  [30 C f o r  3 d a y s ) ,  expressed as lo g g ,  
o f  samples o f  raw m i l k  CRM) on d e l i v e r y  by road t a n k e r  and
a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and B°C
T r i a l Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 3°C
2 days 4 days 7 days 2 days 4 days 7 days
1 11.79 13.07 12.B2 16.24 13.84 15. 65 18. 92
2 12. 90 13.51 IB .  06 17.75 17.22 18. 68 19.78
3 11.21 12.58 15.88 18.20 15.18 17.45 19.21
Mean 11.95 13.05 15.19 17.39 15.41 17.26 19.30
DF MS VR
T r i a l
1 — Y h & . ! o ^  )
2 5.8594 1 0 .2 7 7 **
T rea tm ent ( 6 19.8378 3 4 .7 9 6 * * *
1. F V r e s t (■' 1 47.8376 9 3 .3 5 2 5 * * *
2. S to rage J 2 25.4564 4 9 .6 7 7 0 8 ** *
3. Tem peratu re 1 20.1218 3 9 .2 6 6 6 * * * '
4. S to ra g e . T em pera tu re .  2 0.0773 0.15072
R e s id u a l 12 0.5701
T o t a l 20 6.8794
Tab le  T rea tm en t T r i a l  S to rage  T em perature
REP
SED
3
0.617
7
0.404
Unequal
0.520
Unequal
0.490
S to ra g e .
Tem peratu re
3
0 .600
* s i g n i f i c a n t  a t  5
*  *  I I  "  /]
* * * " ” G 1
p e r  ce n t l e v e l
TABLE 2 .8
The o v e r a l l  t h r e e  t r i a l  p r o t e o l y t i c  c o u n t /m l  C30°C f o r  3 d a y s ) ,  e 
expressed as loge# o f  p a s te u r iz e d  m i l k  (PM) produced from  raw 
m i l k  CRN) on d e l i v e r y  by road  ta n k e r  CPD) and a f t e r  s to ra g e  f o r  
2 , 4 and 7 days a t  2°C and The coun t f o r  p a s te u r iz e d  m i l k s
were o b ta in e d  on th e  day o f  p ro c e s s in g  and a f t e r  3, 6 and 9 days 
o f  s to ra g e  a t  r e f r i g a t o r  te m p e ra tu re  [4 C)
PM
S torage PD
PM from  RM s to re d  a t  2°C PM from  RM s to re d  a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
6 days 
9 days
9.67
10.31
10.72
10.81
10.12
10.60
10.69
10.73
10.27
10.51
1 0 .3 2
11.17
10.36
10.37 
10.71 
10.87
10.25 
11.01 
11.07
11.25
10.46
10.61
10.59
13.38
10.56  
10.91 
11.39 
12.96
Mean 10.37 10.53 10.57- 10.58 10.89 11.26 11.45
OF MS VR
T r i a l 2 138.041 3 1 6 .8 3 6 * * *
PM S torage 3 6.838 1 5 .6 9 4 * * *
Trea tm en t 1 — V 6 1.998 4 .5 8 6 * *
1. F V r e s t " 1 2.633 6 .9 7 2*
2, S to rage 2 0, 557 1.476
3. Tem perature 1 7.421 1 9 .6 5 3 * * *
4, S to rage , Tem peratu re L 2 0.411 1.088
T r i a l .  PM S torage 6 1.118 2 .565*
T r i a l .  T rea tm en t 12 0.615 2 .454*
PM S to rage . T rea tm en t IB 0,436 1 .871*
R e s id u a l 36
T o ta l 83
Table  T rea tm en t
REP
SED
12
0.2695
T rea tm en t PM 
S torage
3
0.5389
S to ra g e  Tem perature
Unequal
0.2251
Unequal
0.2123
S torage
Tem peratu re
12
0.2600
* s i g n i f i c a n t  a t  5 
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w i th  th e  i n i t i a l  v a lu e s  f o r  each p rocessed  on th e  day o f  d e l i v e r y  
bu t f u r t h e r  s to ra g e  t o  4 and 7 days from  d e l i v e r y  r e s u l t e d  in  
s i g n i f i c a n t  Cp < 0 .0 5 )  in c re a s e s  in  th e  p r o t e o l y t i c  count o f  
c o r re s p o n d in g  p a s te u r iz e d  m i l k s .  The same s i g n i f i c a n t  in c re a s e  in  
p r o t e o l y t i c  co un t was fou n d  where th e  raw m i l k  was s to re d  a t  6°C 
f o r  2 days b e fo re  p a s t e u r i z a t i o n .  A s i g n i f i c a n t  in c re a s e  tp < 0 .0 1 )  
was fo u n d  i n  th e  p r o t e o l y t i c  coun t o f  p a s te u r iz e d  m i l k s  produced 
from  raw m i l k s  s to re d  a t  6°C f o r  4 days. The v a r i a t i o n s  in  th e  
p r o t e o l y t i c  co un t o f  p a s te u r iz e d  m i l k  on s to ra g e  a t  4°C a re  
p re s e n te d  in  F ig s  2 .10  and 2 ,1 1 .
The in c re a s e  in  th e  p r o t e o l y t i c  coun t d u r in g  th e  s to ra g e  p e r io d  o f  
up t o  9 days was g r e a t e r  i n  th e  p a s te u r iz e d  m i l k s ,  p repared  from  
raw m i l k s  he ld  a t  6°C f o r  7 days b e fo re  p ro c e s s in g .  S to rage  o f  
th e  p a s te u r iz e d  m i l k s  f o r  3, 6 and 9 days r e s u l t e d  in  h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e s  [p < 0 .0 0 1 ) i n  th e  p r o t e o l y t i c  coun t o f  
th e  p rocessed  m i l k s  p re p a re d  from  raw m i l k  he ld  a t  2°C and B°C.
The p r o t e o l y t i c  coun t showed a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  
th e  t o t a l  c o lo n y  co u n t Cr = 0 .94 44 , p < 0 .0 0 1 ) .  The c o r r e l a t i o n  
c o e f f i c i e n t  w i t h  l i p o l y t i c  coun t was h ig h ly  s i g n i f i c a n t  Cr = 0 ,8679 , 
p < 0 .0 0 1 ) .  T a b le  2 .1 2 .
Therm oduric  coun t
C i) Raw m i l k
T herm oduric  co un ts  o f  samples o f  raw m i l k s  on th e  day o f  d e l i v e r y  by 
a road ta n k e r  and a f t e r  s to ra g e  a t  2°C and B°C f o r  2, 4 and 7 days 
a re  p re se n te d  i n  T ab le  2 .9 .
A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 0,1 p e r  cen t l e v e l )  was found  
in  th e  th e rm o d u r ic  coun t o f  th e  m i l k s  re c e iv e d  in  th e  d i f f e r e n t  t r i a l s * ,  
The le n g th  o f  s to ra g e  o f  t h e  raw m i l k s  C2, 4 and 7 days) had no 
e f f e c t  on th e  th e rm o d u r ic  c o u n t ,  w h i le  th e  te m p e ra tu re  o f  th e  s to ra g e
*The th e rm o d u r ic  coun t i n  t h e ; -
F i r s t  t r i a l  87,00: p e r  ml 
Second t r i a l  66 ,00  p e r  ml 
T h i rd  t r i a l  99 ,00  p e r  ml
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showed a s i g n i f i c a n t  e f f e c t  Cat 5 p e r  ce n t l e v e l )  on th e  coun ts  when 
comparing th e  VR w i t h  F v a lu e  in  th e  s t a t i s t i c a l  t a b le s ,
IMo s i g n i f i c a n t  change was found in  th e  mean v a lu e  o f  th e  th e rm o d u r ic  
coun t f o r  raw m i l k  samples s to re d  a t  2°C f o r  2, 4 and 7 days, and 
when s to ra g e  a t  B°C was ex tended to  4 and 7 days t h e r e  were s i g n i f i c a n t  
in c re a s e s ,  Cp < 0 .0 5 )  and Cp < 0 .0 1 )  r e s p e c t i v e l y ,  by comparison w i th  
t h e  i n i t i a l  v a lu e s .
The v a r i a t i o n  i n  th e  th e rm o d u r ic  coun t o f  th e  raw m i l k s  s to re d  a t  2°C 
and B°C f o r  2, 4 and 7 days i s  shown in  F ig .  2 .1 2 .  The mean the rm o­
d u r i c  coun t on th e  day o f  d e l i v e r y  by a road  ta n k e r  was 84 x 10^ per 
m l.  A f t e r  7 days s to ra g e  o f  th e  raw m i l k  a t  2°C th e  coun t had 
in c re a s e d  t o  86 x 10^ p e r  m l,  w h i le  in  th e  case o f  raw m i l k  he ld  a t  
6°C f o r  7 days th e  coun t was 89 x 10^ p e r  m l.
C i i ) P a s te u r iz e d  m i l k
T he rm odu r ic  co un ts  o f  p a s te u r iz e d  m i l k  p roduced fro m  raw m i l k  on th e  
day o f  d e l i v e r y  by a road  t a n k e r  and a f t e r  s to ra g e  a t  2°C and B°C 
f o r  2, 4 and 7 days and th e  e f f e c t  o f  p o s t - p a s t e u r i z a t i o n  s to ra g e  
o f  th e  p a s te u r iz e d  m i l k  f o r  3 , 6 and 9 days a re  p re s e n te d  in  Tab le  
2 .10 .
The s to ra g e  o f  th e  raw m i l k s  a t  2°C f o r  7 days r e s u l t e d  in  a h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .0 0 1 )  in  th e  th e rm o d u r ic  coun t o f  th e  
p a s te u r iz e d  m i l k  p roduced from  i t .
The l e v e l  o f  s ig n i f i c a n c e  was h ig h e r  in  th e  th e rm o d u r ic  coun t f o r  
p a s te u r iz e d  m i l k  produced from  raw m i l k  s to re d  a t  B°C.
The s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days showed 
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  Cat 0.1 p e r  ce n t l e v e l )  in  th e  
th e rm o d u r ic  c o u n t* .
*The th e rm o d u r ic  coun t i n  t h e : -
F i r s t  t r i a l  8 ,000  p e r  ml 
Second t r i a l  7 ,000  p e r  ml 
T h i r d  t r i a l  5 ,400  p e r  ml
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TABLE 2 .9
The th e rm o d u r ic  c o u n t /m l  (30 C f o r  3 d a y s ) ,  expressed as lo g ^ ,
o f  raw m i l k  CRM) on d e l i v e r y  by a road ta n k e r  and a f t e r  s to ra g e
f o r  2, 4 and 7 days a t  2°C and 6°C
T r i a l Day o f  d e l i v e r y
RM s to re d  a t 2°e RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 9.071 9.071 9. 083 9.094 9.083 9.105 9.083
2 8 .795 8.811 8 .825 8.854 8.825 8.825 8.839
3 9.200 9 .190 9.210 9.220 9.251 9.278 9.315
Mean 9 .022 9 .024 9.039 9. 056 9.052 9.069 9.079
DF VR
T r i a l 2 0.3051836 1 5 2 2 .5 0 4 ***
F V r e s t 1 0.0024897 12 .421*
T r i a l .  F V r e s t 2 0,0001808 0.902
F V r e s t . S to ra g e 2 0. 0013015 6.493
F V r e s t . T em peratu re 1 0.0033217 16.571*
T r i a l .  F V r e s t .  S to rage 4 0.0002219 1.107
T r i a l .  F V r e s t .  Tem peratu re 2 0.0024700 12.322*
F V r e s t . S to ra g e .  Tem peratu re 2 0.0000213 0.1 06
R e s id ua l 4 0.0002004
T o ta l 20 0.0312907
Table  T r i a l  S to rage
REP 7 Unequal
SED 0.00757 0.01001
Tem peratu re
Unequal
0.00944
S to ra g e . Tem peratu re  
3
0.01156
* s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
*  +  i r  I f  / j  IF FF IF
*  *  *  IF ” 0 1 ”  ”  ”
TABLE 2 .10
The o v e r a l l  t h r e e - t r i a l  th e rm o d u r ic  c o u n t /m l [30°C f o r  3 d a y s ] ,  
expressed as lo g g ,  o f  p a s te u r iz e d  m i l k  [PM) produced from  raw 
m i l k  [RM) on d e l i v e r y  by road ta n k e r  [PD) and a f t e r  s to ra g e  f o r  
2, 4 and 7 days a t  2°c  and 6°C. The coun ts  f o r  p a s te u r iz e d
m i lk s  were o b ta in e d  on th e  day o f  p ro c e s s in g  and a f t e r  3, B and 
9 days o f  s to ra g e  a t  r e f r i g e r a t o r  te m p e ra tu re  (4°C)
PM
Storage PD
PM from  RM s to re d  a t  2°C PM from  RM s to re d  a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
6 days 
9 days
8 .825
8.631
8 .834
8 .882
9.923
8 .927
8 .979
9 .002
8.983  
8. 958 
8 .958 
8.987
8.966
8.970
8.987
8 .995
8.991
8.995
9.041
9.086
9.008
8.975
9.012
9.024
9.061 
9. 086 
9.071 
9. 090
Mean 8 .843 8.947 8 .966 8.971 9.021 8.993 , 9.061
DF MS VR
T r i a l 2 0.530835 3 8 0 .0 9 4 * * *
PM s to ra g e 3 0.009397 6 .7 2 8 * * *
F V r e s t 1 0.266799 1 0 1 .0 3 6 * * *
T r i a l ,  PM s to ra g e 6 0.003169 2.269
T r i a l ,  F v r e s t 2 0.241876 1 7 3 .1 9 1 * * *
PM S to ra g e . F v r e s t 3 0.000288 0.192
F V r e s t .  S to rage 2 0.009217 6 .5 9 9 * *
F V r e s t .  Tem peratu re 1 0.073790 5 2 .8 3 6 * * *
T r i a l .  PM S to ra g e .  F v r e s t 6 0.000963 0. 689
T r i a l .  F v r e s t .  S to rage 4 0.018783 1 3 .4 4 9 * * *
PM S to rage . F v r e s t .  S to rage 6 0.002339 1 .675
T r i a l .  F v r e s t .  Tem pera tu re 2 0.002844 2,037
PM S to ra g e . F v r e s t .  Tem pera tu re 3 0.000059 0.042
F V r e s t .  S to ra g e .  T em pera tu re 2 0.006726 4 .816
R e s id ua l 40 0.001397
T o ta l 83 0.025573
Table  PM S to rage  S to rage  Tem pera tu re  S to ra g e . Tem peratu re
REP
SED
21
0. 01153
Unequal
0.01321
Unequal 
0.01246
12
0.01526
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TABLE 2.11
The c o r r e l a t i o n  c o e f f i c i e n t  m a t r i x  between th e  d i f f e r e n t  
m ic r o b io lo g i c a l  t e s t s  used t o  assess th e  m ic r o b io lo g i c a l  
q u a l i t y  o f  t h e  raw m i l k  on d e l i v e r y  and a f t e r  s to ra g e  a t  
2°C and 6°C f o r  up t o  7 days
1. T o ta l  c o lo n y  co un t 1.0000
2. P s y c h ro t ro p h ic  coun t
* * * 
0 .8668 1.0000
3. C o l i fo rm  coun t
* * + 
0.9521
* + * 
0 .8305 1.0000
4. L i p o l y t i c  coun t
* * * 
0 .9102
* * * 
0 .8770
* * * 
0.8761 1.0000
5. P r o t e o l y t i c  coun t
* * *  
0 .9580
* * + 
0.8957
* * * 
0.9154
* * * 
0 .9363 1.0000
6. Therm oduric  coun t 0 .0230 -0 .14 8 9 0.0715 -0 .1653 -0 .07 4 5 1.0000
1 2 3 4 5 6
DF = 19
s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
if F /|
"  0.1
TABLE 2 .1 2
The c o r r e l a t i o n  c o e f f i c i e n t  m a t r i x  between th e  d i f f e r e n t  
m i c r o b io lo g i c a l  t e s t  t o  assess th e  m ic r o b io lo g i c a l  q u a l i t y  
o f  th e  p a s te u r iz e d  m i l k  p roduced from  raw m i l k  a f t e r  d i f f e r e n t  
p e r io d s  o f  s to ra g e  a t  2°C and 6°C
1. T o ta l  c o lo n y  coun t 1 .0000
2. L i p o l y t i c  coun t
% %
0.7332 1.0000
3. P r o t e o l y t i c  coun t
* * * 
0 .9444
* * * 
0 .8679 1.0000
4. T herm odur ic  coun t 0.1170 -0 .0801 0.0506 1.0000
1 2 3 4
DF = 103
*  
* *
a t 5 p e r c e n t l e v e l
1
0.1
C o l i fo rm  coun t and p s y c h r o t r o p h ic  coun t b a c te r ia  were absent 
i n  1 ml o f  m i l k  samples i n  a l l  t h r e e  t r i a l s .
The v a r i a t i o n s  i n  th e  th e rm o d u r ic  coun t f o r  p a s te u r iz e d  m i l k  a re  
p re s e n te d  in  F ig s  2 .13  and 2 .1 4 .
The mean th e rm o d u r ic  coun t o f  p a s te u r iz e d  m i l k  on p ro c e s s in g  on th e
day o f  d e l i v e r y  o f  th e  raw m i l k  by road t a n k e r  was 68 x 10^ p e r  m l.
The th e rm o d u r ic  co un t o f  p a s te u r iz e d  m i l k  p roduced from  th e  raw 
m i l k  s to re d  a t  2°C f o r  7 days was 78 x 10^ p e r  m l,  w h i le  th e  
th e rm o d u r ic  co un t f o r  p a s te u r iz e d  m i l k  p roduced from  raw m i l k  a t  
6°C a f t e r  7 days was 86 x 10^ p e r  m l.
A n t i b i o t i c  r e s id u e
The m i l k  shou ld  pass th e  t e s t  f o r  a n t i b i o t i c  re s id u e s  b e fo re  u s in g  f o r  
any pu rpose . The D is c  Assay method based on th e  p ro c e d u re  o f  G a le s lo o t  
S Massing [19623 as used by th e  S c o t t i s h  M i l k  M a rk e t in g  Board was 
s e le c te d  f o r  use i n  the se  s tu d ie s .
T h is  t e s t  d e te c t s  a n t i b i o t i c s  o r  o th e r  i n h i b i t o r y  subs tances  a t  l e v e ls  
o f  0.01 t o  0 ,02  i n t e r n a t i o n a l  u n i t s  o f  p e n i c i l l i n  p e r  m l o f  m i l k .  The 
a n t i b i o t i c  t e s t  was done im m e d ia te ly  on d e l i v e r y  o f  th e  s i l o  m i l k  by 
road  ta n k e r .  The sample was te s te d  on th e  day o f  d e l i v e r y  o f  th e  m i l k  
and th e  r e s u l t s  in d ic a te d  as f o l l o w s ; -
1. The f i r s t  t r i a l  gave a -ve  r e s u l t .
2. The second t r i a l  gave a +ve r e s u l t  a t  th e  l e v e l  o f  0 .02
i n t e r n a t i o n a l  u n i t s  o f  p e n i c i l l i n  p e r  ml o f  m i l k ,
3. The t h i r d  t r i a l  gave a +ve r e s u l t  a t  th e  l e v e l  o f  0 .02  
i n t e r n a t i o n a l  u n i t s  o f  p e n i c i l l i n  p e r  ml o f  m i l k .
DISCUSSION
1. T o ta l  c o lo n y  coun t
On 1s t  A p r i l  1981 th e  S c o t t i s h  M i l k  M a rk e t in g  Board in t ro d u c e d  a q u a l i t y  
scheme based on th e  c e n t r a l i s e d  t e s t i n g  o f  th e  t o t a l  b a c t e r ia  coun t o f  
e x - fa rm  raw m i l k .  Each m i l k  p ro d u c e r 's  s u p p ly  i s  sampled and te s te d  
f o u r  t im e s  p e r  month. A t th e  end o f  each month th e  co u n ts  a re  averaged 
and i f  th e  average coun t exceeds a b a c t e r ia l  coun t l e v e l  se t  by th e  SMMB 
then  th e  m i l k  p ro d u c e r  i s  p e n a l is e d  by an amount d e te rm in e d  f ro m  t im e  t o
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t im e  by th e  SMMB [U n i te d  Kingdom F e d e ra t io n  o f  M i l k  M a rk e t in g  Boards, 
19813. The r e s u l t s  o f  t h i s  s tu d y  showed t h a t  t o t a l  c o lo n y  count f o r  
raw m i l k  on d e l i v e r y  by road ta n k e r  i n  th e  f i r s t  and t h i r d  t r i a l  were 
161 X 10^ p e r  ml and 105 x 10^ p e r  m l r e s p e c t i v e l y  w h i le  i n  th e  second 
t r i a l  th e  h ig h e r  t o t a l  c o lo n y  coun t o f  341 x 10^ p e r  ml was fou n d . In  
a l l  th r e e  cases th e  SMMB g u id e l i n e  s ta n d a rd  o f  100,000 p e r  ml was 
exceeded. The mean t o t a l  c o lo n y  co u n t  fo r .  raw m i l k  m entioned above on 
d e l i v e r y  by road ta n k e r  was 202 x 10^ p e r  ml and then  in c re a s e d  a f t e r  the  
s to ra g e  f o r  7 days a t  2°C and 6°C t o  18 x 10^ p e r  ml and 224 x 10® p e r  ml 
r e s p e c t i v e l y .  These r e s u l t s  a re  i n  agreement w i t h  Randolph e t a l .  
(19653; C raw fo rd  (19673; F r y e r  [19723; P a te l  & B lankenage l [19723 
and M u ir  e t  a l . (1978 3 a l l  o f  whom have s ta te d  t h a t  th e r e  was an 
in c re a s e  i n  th e  t o t a l  c o lo n y  co u n t  o f  th e  raw m i l k  d u r in g  th e  s to ra g e  
t im e .
The S c o t t i s h  M i l k  M a rk e t in g  Board , and th e  ' t r a d e '  s e c to r  o f  th e  d a i r y  
in d u s t r i e s  i n  S co t la n d  have r e c e n t l y  agreed on a Code o f  P r a c t i c e  
co n ce rn in g  th e  q u a l i t y  s ta n d a rd s  f o r  t a n k e r  lo a d s  o f  m i l k  d e l iv e r e d  to  
b u y e r 's  p re m is e s .  T h is  Code o f  P r a c t i c e  came i n t o  o p e ra t io n  on 
1s t  F e b ru a ry  1982 and conce rns  f a i l u r e  o r  r e j e c t i o n  s tan d a rd s  f o r  
te m p e ra tu re ,  t o t a l  b a c te r ia  c o u n t ,  th e rm o d u r ic  c o u n t ,  sed im ent, 
a n t i b i o t i c s  and en traneous  w a te r .  I n  r e l a t i o n  t o  t o t a l  b a c te r ia  coun t 
a f a i l u r e  i s  re c o g n is e d  where a co u n t  o f  100 ,000  p e r  ml i s  exceeded on 
f o u r  o r  more o cca s io n s  i n  any 14 day p e r io d .  In  re s p e c t  o f  th e  th e rm o ­
d u r ic  coun t a f a i l u r e  i s  re c o g n is e d  where a coun t o f  5 ,000  p e r ml i s  
exceeded on t h r e e  o r  more o c c a s io n s  in  any fo u r -w e e k  p e r io d  w i t h  th e  
f u r t h e r  c o n d i t io n s  t h a t  th e r e  must be an i n t e r v a l  o f  a t  l e a s t  two weeks 
between th e  f i r s t  and l a s t  f a i l u r e s .
The r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  show a v e ry  d i s t i n c t  d i f f e r e n c e  in  
th e  in c re a s e  i n  b a c t e r i a l  co un t a t  2°C and 6°C, th e  l a t t e r  te m p e ra tu re  
r e s u l t i n g  i n  a t e n - f o l d  h ig h e r  co u n t  a t  6°C a f t e r  7 days compared to  
th e  same t im e  a t  2°C. The t o t a l  c o lo n y  coun ts  o f  th e  processed m i l k s  
which were p re pa re d  from  the  c o r re s p o n d in g  raw m i l k s  on th e  day o f  
d e l i v e r y  were 106 x 10^ p e r  ml i n  th e  f i r s t  t r i a l ,  30 x 10^ p e r  ml in  
the  second t r i a l  and 85 x 10^ p e r  m l i n  the  t h i r d  t r i a l .  The 
p a s te u r iz e d  m i l k s  produced from  raw m i l k s  he ld  a t  2°C and 6°C f o r  7 
days had mean t o t a l  v ia b le  co u n ts  o f  88 x 10^ p e r  ml and 7 x 10® p e r  ml 
r e s p e c t i v e l y .  F in e k h e r  (19813 s ta te d  t h a t  th e  s tan d a rd  in  th e  U .S .A .
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f o r  g rade  A p a s te u r iz e d  m i l k  was n o t more th a n  30,000 b a c te r ia  p e r  m l.
In  th e s e  t r i a l s  th e  in c re a s e  i n  th e  t o t a l  c o lo n y  co un t i s  much lo w e r  i n  
th e  processed m i l k s  p roduced from  raw m i l k s  s to re d  a t  2°C f o r  up to  7 
days than  where th e  h ig h e r  te m p e ra tu re  o f  6°C was used. [F ig s  2 .2  and 
2 ,3 .  3
The c o l i f o r m  coun t o f  th e  raw m i l k s  on V i o l e t  Red B i l e  Agar [T a b le  2.33 
showed an in c re a s e  d u r in g  th e  s to ra g e  p e r io d s  o f  th e  d i f f e r e n t  t r e a t ­
ments. A h ig h ly  s i g n i f i c a n t  in c re a s e  [p < 0.0013 i n  th e  c o l i f o r m  
count o f  th e  raw m i l k  was found  between th e  day o f  d e l i v e r y  and th e  7 th  
day o f  s to ra g e  a t  2°C, w h i le  th e  h ig h e s t  s i g n i f i c a n t  in c re a s e  in  c o l i f o r m  
numbers was fou n d  i n  th e  raw m i l k  s to re d  a t  B°C f o r  7 days [F ig .  2.43
None o f  th e  samples o f  p a s te u r iz e d  m i l k  te s te d  on th e  day o f  p ro d u c t io n  
gave a p o s i t i v e  r e s u l t  when 1 ml q u a n t i t i e s  were added t o  b r i l l i a n t  
green  b r o th .  T h is  r e s u l t  means t h e r e  was no c o n ta m in a t io n  by these  
organ ism s a f t e r  p a s t e u r i z a t i o n .  C o n f i rm a t io n  o f  th e  absence o f  c o l i -  
fo rm s i n  th e  p a s te u r iz e d  m i l k s  was o b ta in e d  by th e  f a c t  t h a t  none o f  th e  
samples even a f t e r  9 days a t  4°C, gave p o s i t i v e  r e s u l t s  when 1 ml 
samples were added to  b r i l l i a n t  g reen  b r o th .  The p s y c h r o t r o p h ic  count 
in c re a s e d  i n  th e  raw m i l k s  s to re d  a t  S°C more r a p i d l y  than  in  th e  
co r re s p o n d in g  raw m i l k s  s to re d  a t  2°C f o r  up to  7 days.
These r e s u l t s  a re  i n  agreement w i th  F lu c k ig e r  [19763; O vercas t (19683; 
Thomas (l 9583 ; Thomas [19713 and O l i v e r i a  & Parmelee [19763 who found 
t h a t  s to ra g e  o f  m i l k s  a t  h ig h e r  te m p e ra tu re  r e s u l t e d  in  h ig h e r  in c re a s e  
in  th e  number o f  p s y c h r o t r o p h ic  b a c t e r ia .  The p a s te u r iz e d  m i l k  
produced f ro m  raw m i l k  showed no p s y c h r o t r o p h ic  coun t i n  1 ml samples 
on p ro d u c t io n  and a f t e r  s to ra g e  f o r  up t o  9 days a t  4°C. T h is  r e s u l t  
co n f irm e d  th e  f a c t  t h a t  w i t h  few e x c e p t io n s  p s y c h r o t r o p h ic  b a c te r ia  do 
not w i th s ta n d  HTST p a s t e u r i z a t i o n .  The s to ra g e  t im e  o f  th e  raw m i l k s  
a t  2°C and 6°C was a s s o c ia te d  w i t h  an in c re a s e  i n  th e  l i p o l y t i c  and 
th e  p r o t e o l y t i c  co un t and th e  in c re a s e  was s i g n i f i c a n t l y  h ig h e r  i n  th e  
raw m i l k s  s to re d  a t  6°C.
P a s te u r iz e d  m i l k s  produced fro m  th e s e  raw  m i l k s  showed s i m i l a r  v a r i a t i o n s  
in  b a c t e r i a l  numbers. In  o th e r  words, p a s te u r iz e d  m i l k s  produced
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from m i l k s  he ld  a t  2°C were found  to  c o n ta in  lo w e r  b a c t e r i a l  coun ts  than  
p a s te u r iz e d  m i l k s  p roduced f ro m  th e  same raw m i l k s  s to re d  a t  B°C. These 
v a r ia t i o n s  were a ls o  observed  on f u r t h e r  s to ra g e  o f  th e  p a s te u r iz e d  m i lk s .
The r e s u l t s  o f  th e  th e rm o d u r ic  coun t f o r  th e  raw m i l k  i n d ic a t e d  t h a t  
over th e  p e r io d  o f  s to ra g e  a t  2°C th e r e  was no s i g n i f i c a n t  in c re a s e  i n  
h e a t - r e s i s t a n t  b a c t e r ia ,  and i n  th e  case o f  th e  raw m i l k  s to re d  a t  B°C 
th e re  was no s i g n i f i c a n t  in c re a s e  ove r  a 2-day p e r io d  b u t  t h e r e a f t e r  
s i g n i f i c a n t  in c re a s e s  Cp < D .05 ,p  < 0.013 i n  coun t were o b ta in e d  a f t e r  
4 and 7 days s to ra g e .
H ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  were found i n  th e  th e rm o d u r ic  coun t 
between th e  raw m i l k  samples o b ta in e d  i n  d i f f e r e n t  t r i a l s .  H ig h ly  
s i g n i f i c a n t  in c re a s e s  Cp < 0.0013 i n  th e  th e rm o d u r ic  c o u n ts  o f  the  
processed m i l k s  were fo u n d  a f t e r  v a r io u s  p e r io d s  o f  s to ra g e  o f  th e  raw 
m i l k .  S to rage  o f  th e  p a s te u r iz e d  m i l k s  f o r  3, B and 9 days a t  4°C d id  
not a l t e r  th e  th e rm o d u r ic  c o u n ts .
CONCLUSION
1. The s to ra g e  o f  th e  raw m i l k  a t  6°C f o r  2, 4 and 7 days r e s u l t e d  in
h ig h e r  in c re a s e s  i n  th e  t o t a l  c o lo n y  c o u n t ,  and th e  c o l i f o r m ,
p s y c h r o t r o p h ic ,  l i p o l y t i c  and p r o t e o l y t i c  coun t th a n  s to ra g e  a t  2°C
f o r  th e  same p e r io d s  o f  t im e .
2. The p a s te u r iz e d  m i l k s  produced f ro m  raw m i l k  s to re d  a t  2°C f o r  2,
4 and 7 days showed l i t t l e  change in  b a c t e r i a l  numbers compared w i th  
th e  i n i t i a l  l e v e l  o b ta in e d  on p ro c e s s in g  th e  m i l k  on th e  day o f  
d e l i v e r y .  On th e  o th e r  hand, th e  p a s te u r iz e d  m i l k s  produced from  
th e  same m i l k s  s to re d  f o r  2, 4 and 7 days a t  B°C showed c o n s id e ra b le  
in c re a s e  i n  b a c t e r i a l  numbers compared to  the  i n i t i a l  v a lu e .
F u r th e r  s to ra g e  o f  th e  p a s te u r iz e d  m i l k s  [ f ro m  raw m i l k  s to re d  a t  
2°C3 f o r  3, 8 and 9 days d id  no t r e s u l t  i n  s i g n i f i c a n t  in c re a s e s  
i n  th e  b a c t e r i a l  numbers i n  th e  p a s te u r iz e d  m i l k ,  w h i le  th e  
b a c t e r i a l  number o f  p a s te u r iz e d  m i l k  .produced from  raw m i l k  s to re d  
a t  B°C in c re a s e d  a f t e r  f u r t h e r  s to ra g e  a t  4°C.
3. C o l i f o r m  b a c t e r ia  and p s y c h ro t ro p h s  were absen t i n  1 ml q u a n t i t i e s
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o f  a l l  p a s te u r iz e d  m i l k s ,  on p ro d u c t io n  f ro m  raw m i lk s  h e ld  a t
2°C and 6°C f o r  up t o  7 days and a f t e r  s to ra g e  a t  4°C f o r  up to
9 days.
4. The th e rm o d u r ic  co u n ts  o f  raw m i l k s  showed n e g l i g i b l e  in c re a s e s  
d u r in g  th e  s to ra g e  t im e  o f  7 days a t  2°C and B°C. S i m i l a r l y  th e  
th e rm o d u r ic  c o u n ts  o f  p a s te u r iz e d  m i l k s  produced from  the se  raw 
m i lk s  showed l i t t l e  change on s to ra g e  f o r  9 days a t  4°C.
5. A c c o rd in g  t o  th e s e  e x p e r im e n ts ,  th e  a u th o r  does n o t recommend th e  
s to ra g e  o f  raw m i l k s  f o r  more tha n  2 days a t  B°C p r i o r  to  p a s t e u r i z ­
a t i o n .  On th e  o th e r  hand s to ra g e  o f  raw m i l k  a t  2°C f o r  up to  7 
days p r i o r  t o  p ro c e s s in g  d id  n o t  a f f e c t  th e  m ic r o b io lo g i c a l  q u a l i t y
o f  th e  m i l k  and so m i l k  p ro c e s s in g  companies may c o n s id e r  us ing  
a s to ra g e  te m p e ra tu re  a t  2°C as a means o f  p re v e n t in g  d e t e r i o r a t i o n  
i n  raw m i l k  q u a l i t y  p r i o r  to  p a s t e u r i z a t i o n .
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CHAPTER THREE
THE CHEMICAL QUALITY OF RAW AND PASTEURIZED MILK DURING 
DIFFERENT PERIODS OF STORAGE AT DIFFERENT TEMPERATURES
INTRODUCTION
P re v io u s  to  1850, m i l k  had been found  t o  c o n ta in  f a t ,  suga r,  p r o te in  and 
m in e r a ls .  These c o n s t i t u e n t s  a re  p re s e n t  i n  th e  t h r e e  p h y s ic a l  s ta te s  
o f  s o lu t i o n ,  c o l l o i d a l  d i s p e r s io n  and e m u ls io n .
I t  i s  r e q u i r e d  by law  t h a t  c e r t a i n  d a i r y  p ro d u c ts  r e c e iv e  s p e c i f i c  heat 
t r e a tm e n ts .  The purposes o f  heat p ro c e s s in g  may be summarized as f o l l o w s : - 
to  meet p u b l i c  h e a l th  re q u ire m e n ts ,  t h a t  i s ,  p a s t e u r i z a t i o n  and s t e r i l i ­
z a t io n ,  to  d e s t ro y  pathogens and a v o id  d ise ase  and foo d  p o is o n in g ,  t o  
d e s t ro y  enzymes, t o  f a c i l i t a t e  m ix in g  and b le n d in g  p ro c e s s e s ,  t o  a ch ie ve  
in c u b a t io n  te m p e ra tu re s ,  t h a t  i s ,  cheese and c u l t u r e d  d a i r y  p ro d u c ts ,  
and to  im p a r t  d e s i r a b le  p r o p e r t i e s .  Keeping q u a l i t y  f ro m  a m ic r o b io lo ­
g i c a l  s ta n d p o in t  i s  th e  o v e r r i d in g  c o n s id e r a t io n  [Jenness S P a t to n ,  1959}.
D av is  [1951] m entioned t h a t  th e  most c o n s ta n t  p h y s ic a l  p r o p e r t y  o f  m i l k  
i s  i t s  f r e e z in g  p o i n t .  T h is  p o in t  i s  dependent upon th e  c o n c e n t r a t io n  
o f  s a l t s  and la c to s e  in  m i l k .
The f r e e z in g  p o in t  t e s t  i s  now re g a rd e d  i n  t h i s  c o u n t r y  as th e  bes t t e s t  
f o r  a ssess ing  th e  amount o f  e x tra n e o u s  w a te r  i n  a sample o f  m i l k .  
P a s t e u r i z a t i o n  a f f e c t s  th e  f r e e z in g  p o i n t  o f  m i l k  o n ly  as f a r  as i t  
a f f e c t s  th e  c o n c e n t r a t io n  o f  t h e  c o n s t i t u e n t s  i n  s o lu t i o n .
The average  t i t r a t a b l e  a c i d i t y  o f  norm a l f r e s h  m i l k  may be expected  to  
be f ro m  0 .14  t o  0 .17 p e r  ce n t  c a lc u la te d  as th e  e q u iv a le n t  o f  l a c t i c  a c id .
T h is  a c i d i t y  i s  n o t  n e c e s s a r i l y  th e  r e s u l t  o f  th e  p resence  o f  l a c t i c  
a c id ,  b u t  i s  due p r i m a r i l y  t o  th e  a c id - r e a c t i n g  s a l t s  i n  th e  m i l k  a long  
w i th  th e  a c i d i t y  r e g is t e r e d  f ro m  c a rb o n ic  a c id  CO.01 t o  0 ,02  p e r  c e n t } -  
P a s te u r iz a t i o n  reduces  th e  t i t r a t a b l e  a c i d i t y  by abou t 0,01 p e r  c e n t .
Normal raw m i l k  y i e l d s  f rom  15 t o  20 p e r  cen t cream volume depend ing upon many 
f a c t o r s  such as f a t  c o n te n t ,  s ta g e  o f  l a c t a t i o n ,  p resence  o f  c o lo s t ru m ,  
m a s t i t i s ,  r a t e  o f  c o o l in g  e tc .  [H a l l  S T r o u t ,  1966}, The consumer
35
tends  t o  ju d g e  th e  r ic h n e s s  o f  th e  m i lK  by th e  dep th  o f  th e  cream la y e r  
and a ls o  by th e  c o lo u r .
The volume o f  cream la y e r  i s  d e f in e d  as th e  d is ta n c e  from  th e  to p  o f  th e  
m i l k  down t o  t h a t  p o i n t  a t  w h ich  th e  dem arca t io n  between cream and m i l k  
i s  app a re n t t o  th e  eye [D a v is ,  1951),
M i lk ,  cream and o th e r  d a i r y  p ro d u c ts  sometimes deve lop  u n p le a san t f l a v o u r s  
These f l a v o u r s  may be caused by th e  ch em ica l breakdown o f  th e  m i l k f a t  
to  p roduce  f r e e  f a t t y  a c id s .  T h is  breakdown o f  f a t  i s  c a l le d  l i p o l y s i s  
and i s  caused by th e  enzyme l i p a s e .  M i l k  l i p a s e  i s  r e l a t i v e l y  u n s ta b le  
and can be i n a c t i v a t e d  by s a l t ,  a c id ,  l i g h t ,  o x id a t io n  and hea t.
T rea tm en ts  w h ich  cause a c t i v a t i o n  in c lu d e  a g i t a t i o n  and foa m ing , homo­
g e n iz a t io n ,  c e r t a i n  te m p e ra tu re  changes, and f r e e z in g  and thaw ing  [Deeth 
& F i t z - G e r a ld ,  197B). Rapid c o o l in g  o f  th e  m i l k  a f t e r  m i l k in g  ten d s  to  
i n h i b i t  l i p o l y s i s  C lD F -F IL -1 975}.  D u r in g  th e  c o ld  s to ra g e  o f  m i l k  f o r  
48 to  72 h p e r io d ,  th e  m i l k  i s  th e  c e n t re  o f  phenomena o f  a b i o l o g i c a l  
and b a c t e r i o l o g i c a l  n a tu re  o f t e n  s t i l l  b a d ly  d e f in e d  wh ich  m o d ify  some 
o f  i t s  q u a l i t i e s  o r  i t s  p r o p e r t i e s ,  L ip o l y s i s  i s  perhaps the  bes t known 
o f  these  phenomena because i t s  e f f e c t s  a re  d e te c te d  by th e  senses: the
h y d r o ly s is  o f  th e  f a t  causes th e  f o r m a t io n  o f  f r e e  f a t t y  a c id s  CFFA) 
which a re  re s p o n s ib le  f o r  o f f - f l a v o u r s  C lD F -F IL -1 975 }.
T a y lo r  & R icha rdson  (1980} s ta te d  t h a t  s u f f i c i e n t  heat t re a tm e n t  o f  m i l k
fo rm s  ' r e a c t i v e '  s u lp h y d r y l  g roups  t h a t  a re  b e l ie v e d  to  be re s p o n s ib le  
f o r  in c re a s e d  o x id a t i v e  s t a b i l i t y  and th e  cooked f l a v o u r  o f  heated m i l k .  
However a w ide  v a r i a t i o n  in  th e  s u lp h y d r y l  c o n te n t  o f  raw and heated 
m i l k  has been r e p o r te d .
The purpose  o f  t h i s  work was t o  s tu d y  th e  e f f e c t  o f  c o ld  s to ra g e  a t 2°C 
and 6°C on th e  raw m i l k  and th e  p a s te u r iz e d  m i l k  produced from  i t  and 
a ls o  th e  e f f e c t  o f  f u r t h e r  s to ra g e  o f  th e  p a s te u r iz e d  m i l k s  a t  4*^C f o r  
3, B and 9 days. A spec ts  i n v e s t i g a t e d  w e re : -
1. The f a t  c o n te n t .
2. The change in  th e  pH and th e  t i t r a t a b l e  a c i d i t y  o f  th e  m i l k
d u r in g  th e  s to ra g e  p e r io d .
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3. The cream la y e r  f o r  b o th  m i l k s .
4. The change in  th e  f r e e z in g  p o in t .
5. The f r e e  s u lp h y d r y l  g roups (F-SH).
B. The c a lc iu m  c o n te n t .
7- The t o t a l  s o l i d  c o n te n t .
8. The change in  th e  a c id  degree v a lu e  [ADV] f o r  raw m i l k  and
p a s te u r iz e d  m i l k  d u r in g  th e  s to ra g e  t im e .
The phosphatase  t e s t  was used as a c o n t r o l  t e s t  i n  t h i s  expe r im en t t o  
e s ta b l i s h  t h a t  hea t t r e a tm e n t  had been p r o p e r ly  c a r r ie d  o u t .
EXPERIMENTAL
1. T rea tm en t o f  t h e  samples
The re m a in d e r  o f  th e  m i l k  f rom  each sample d e s c r ib e d  i n  C hapter Two 
(E x p e r im e n ta l ,  4b) was used f o r  th e  ch em ica l a n a ly s is .
2. Chem ica l a n a ly s is
D u p l ic a te  samples o f  raw m i l k ,  as d e s c r ib e d  i n  C h ap te r  Two (E x p e r im e n ta l ,
1, 4 ] ,  were te s te d  on th e  day o f  d e l i v e r y  by th e  road ta n k e r  and a f t e r
2, 4 and 7 days s to ra g e  a t  2°C and B°C. The p a s te u r iz e d  m i lk s  were 
te s te d  im m e d ia te ly  a f t e r  heat t re a tm e n t  and a f t e r  s to ra g e  a t  4°C f o r  3,
B and 9 days. F a t ,  pH, t i t r a t a b l e  a c i d i t y ,  cream l i n e  and f r e e z in g  
p o in t ,  s u lp h y d r y l  g ro u p s ,  t o t a l  s o l i d s ,  and a c id  degree v a lu e  (ADV) were 
de te rm ined  u s in g  th e  methods d e s c r ib e d  i n  C hap te r  One (S e c t io n  2 :1 ,
2 :2 ,  2 :3 ,  2 :4 ,  2 :5 ,  2 :B ,  2 :8 ,  2 : 9 ) .  The c a lc iu m  d e te rm in a t io n  was made 
f o r  b o th  raw and p a s te u r iz e d  m i l k  on th e  day o f  d e l i v e r y  by th e  road 
ta n k e r  and a f t e r  2, 4 and 7 days s to ra g e  o f  th e  raw m i l k ,  u s in g  th e  
method d e s c r ib e d  i n  C h a p te r  One (S e c t io n  2 : 7 ) .  The phosphatase t e s t  
was made on th e  samples o f  p a s te u r iz e d  m i l k  on th e  day o f  p ro c e s s in g  
us ing  th e  method d e s c r ib e d  i n  C h ap te r  One (S e c t io n  2 :1 0 ) .
RESULTS
1. F a t
The r e s u l t s  o f  measurements o f  th e  f a t  c o n te n t  o f  raw m i l k s  a re  p re sen ted
37
TABLE 3.1
The f a t  c o n te n t  (p e r  c e n t )  o f  samples o f  raw m i l k  (RM)
on d e l i v e r y  by a road  ta n k e r  and a f t e r  s to ra g e  f o r  2,
4 and 7 days a t  2°C and B°C
T r i a l Day o f
RM s to r e d  a t 2°C RM s to re d  a t B°C
d e l i v e r y 2 days 4 days 7 days 2 days 4 days 7 days
1 3.85 3 .85 3 .80 3.85 3.85 3 .85 3 .83
2 3.80 3 .60 3 .80 3.80 3.80 3. 80 3.85
3 3.55 3. BO 3 . BO 3.60 3.55 3.60 3.60
Mean 3 .73 3 .75 3 .7 3 3.75 3 .73 3 .75 3.76
DF MS
T r i a l s 2 0. 2BB8 2 4 0 .1 5 9 * * *
F V r e s t 1 0. 0008 0 .723
T r i a l .  F v r e s t 2 0.0012 1 .152
F V r e s t .  S to ra g e 2 0. OOOB 0. 563
F V r e s t .  Tem pera tu re 1 0. DOOOB 0.DB3
T r i a l .  F v r e s t . S to ra g e 4 0. 0008 0.750
T r i a l .  F v r e s t . Tem peratu re 2 0. 0009 0.813
F V r e s t .  S to ra g e .  Tem peratu re 2 0. 0009 0.813
R e s id u a l 4 0. 0011 18.BB7
T o ta l 20 0. 0275 461.796
Table T r i a l S to ra g e T em peratu re S torageTem perature
REP 14 Unequal Unequal 6
SED 0.012B0 0.016B7 0.01571 0.0193
s i g n i f i c a n t  a t  5 p e r  ce n t
*  r f  ÏI* i r  I»
*  *  +  I f  I I  g  II  If
TABLE 3 .2
The o v e r a l l  t h r e e - t r i a l  mean f a t  c o n te n t  [p e r  c e n t )  o f  samples o f  
p a s te u r iz e d  m i l k  (PM) produced f ro m  raw m i l k  (RM) on d e l i v e r y  by 
road ta n k e r  CPD) and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  20C and 
6°C. The v a lu e s  f o r  p a s te u r iz e d  m i l k s  were o b ta in e d  on th e  day o f  
p ro c e s s in g  and a f t e r  3, B and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r
te m p e ra tu re  (T^C)
PM
Storage PD
PM fro m  RM s to re d  a t  2°C PM from  RM s to re d  a t  B°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
B days 
9 days
3 .73  
3.75
3 .73
3 .73
3.75
3 .73
3 .73
3 .73
3 .73
3 .7 3
3 .7 3
3 .73
3 .74
3 .73
3 .73
3 .73
3.78
3.75
3.74
3 .73
3.75
3 .73
2 .73
3 .73
3 .73  
3. 73 
3 .75
3 .73
Mean 3.74 3 .74 3 .73 3 .73 3.75 3 .74 3.74
REP
SED
DF MS VR
T r i a l 2 0.7879 1 4 2 2 .4 8 0 ** *
PM S to rage 3 0.00128 2.328
Trea tm en t (  ^ ^ B 0.0007 1.307
1. F V r e s t  T■ 1 0.00030 0.750
2, S to rage 2 0.00111 2.777
3. Tem peratu re 1 0.001406 3.514
4. S to ra g e .  Tem perature 0.00020 0.521
T r i a l .  PM S to rage B 0.00105 1.899
T r i a l .  T rea tm en t 12 0.0007 1.442
PM S to ra g e .  T rea tm en t 18 0.00061 1.116
R e s id u a l 36 0.0005 3.722
T o ta l 83 0.01965 132.053
a e  T rea tm en t %YSatments. PM
—  ------------------ S torage S to rage Tem perature
S to ra g e .
Tem perature
24 6 Unequal Unequal 24
0.00B79 0.01358 0.005001 0.004715 0.005775
* s i g n i f i c a n t  a t  5
* * " 1  
: *  *  I I  " 0 1
p e r  ce n t l e v e l
i n  Tab le  3 .1 .
A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  [ a t  0.1 p e r  ce n t  l e v e l )  was found
in  th e  f a t  c o n te n t  between th e  t r i a l s .
No s i g n i f i c a n t  d i f f e r e n c e s  were found  i n  the  f a t  c o n te n t  due t o  th e  
s to ra g e  t im e ,  th e  te m p e ra tu re  o f  s to ra g e  o r  th e  i n t e r a c t i o n  between 
them i n  th e  raw m i l k  samples.
The r e s u l t s  o f  measurements o f  th e  f a t  c o n te n t  o f  th e  p a s te u r iz e d  m i l k  
samples a re  p re s e n te d  i n  Tab le  3 .2 .  A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r ­
ence ( a t  0 .1  p e r  cen t l e v e l )  was fou nd  between th e  t r i a l s ,  w h i le  no 
s i g n i f i c a n t  d i f f e r e n c e  was fou n d  i n  th e  f a t  c o n te n t  due to  d i f f e r e n t  
t re a tm e n ts  d u r in g  s to ra g e .
2. 2Ë
The r e s u l t s  f o r  th e  pH v a lu e s  o f  th e  raw m i l k  samples a re  p resen ted  i n  
T ab le  3 .3 .
A s i g n i f i c a n t  d i f f e r e n c e  (a t  5 p e r  ce n t  l e v e l )  was fo u n d  between the
t r i a l s  i n  th e  pH v a lu e s  o f  th e  raw m i l k s .
The s to ra g e  t im e  and th e  te m p e ra tu re  o f  s to ra g e  gave a v e ry  h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e  (a t  0.1 p e r  ce n t  l e v e l )  i n  th e  pH v a lu e .  There 
was a ls o  a v e ry  h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  (a t  0.1 per ce n t  l e v e l )  
in  th e  pH v a lu e  between th e  s to ra g e  t im e  and th e  te m p e ra tu re  o f  s to rag e .
The mean o f  th e  pH v a lu e  f o r  th e  raw m i l k  showed no s i g n i f i c a n t  change 
a f t e r  s to ra g e  a t  2°C f o r  2 and 4 days, w h i le  s to ra g e  o f  th e  same m i l k  
a f t e r  7 days gave s i g n i f i c a n t  decrease  (p < 0 .0 5 )  i n  th e  pH v a lu e .
The s to ra g e  o f  th e  raw m i l k  a t  6°C showed no s i g n i f i c a n t  d i f f e r e n c e  i n
th e  pH v a lu e  a f t e r  2 days , bu t  a s i g n i f i c a n t  dec rease  (p < 0 .0 5 ) a f t e r
4 days o f  s to ra g e ,  w h i le  th e  s ig n i f i c a n c e  was v e ry  h ig h  (p < 0 .01 ) 
a f t e r  7 days s to ra g e  o f  th e  raw m i l k  a t  6°C.
The r e s u l t s  f o r  th e  pH v a lu e  o f  th e  p a s te u r iz e d  m i l k s  a re  p resen ted  in  
Tab le  3 .4 .
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TABLE 3 .3
The pH v a lu e  o f  samples o f  raw m i l k  (RM) on d e l i v e r y  by a road
ta n k e r  and a f t e r  s to ra g e  f o r  2 , 4 and 7 days a t  2°C and 6°C.
T r i a l Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to r e d  a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 8 .75 6 .75 6 .7 3 6.66 6 .75 6.67 5 .84
2 6.71 6.67 6.61 6.51 6.67 6.53 5.41
3 6.74 6 .72 6 .62 6 .55 6 .70 6.48 5 .53
Mean 6 .73 6.71 6 .65 6.57 6 .70 , 6 .56 5.59
DF MB VR
T r i a l 2 0.00857 11 .699*
F V r e s t 1 0.0369 5 0 .3 5 7 **
T r i a l .  F V r e s t 2 0.00090 1.229
F V r e s t . S to rage 2 1.364 1 8 6 .2 0 7 ** *
F V r e s t . Tem pera tu re 1 1.168 1 5 9 .4 2 4 ** *
T r i a l .  F V r e s t .  S to rage 4 0.00148 2.019
T r i a l .  F V r e s t .  Tem perature 2 0.0010 1.378
F V r e s t . S to ra g e .  Tem perature 2 0.08730 1 1 9 .2 4 7 ** *
R e s id u a l 4 0.000732 1064.882
T o ta l 20 0.03156 45863.332
Tab le  T r i a l S to rage
REP 14 Unequal
SED D .032354 0.042801
Tem perature  
Unequal 
0 .040353
S to ra g e .  Tem perature  
6
0.049422
* s i g n i f i c a n t  a t  5
* * II II /j
=** " " 0.1
p e r  ce n t l e v e l
TABLE 3 .4
The o v e r a l l  t h r e e - t r i a l  mean pH v a lu e  o f  samples o f  p a s te u r iz e d  m i l k  
[PM] produced fro m  raw m i l k  CRM) on d e l i v e r y  by road  ta n k e r  CPD) 
a f t e r  s to ra g e  f o r  2 , 4 and 7 days a t  2°C and B°C, The v a lu e s  f o r  
p a s te u r iz e d  m i l k  were o b ta in e d  on th e  day o f  p ro c e s s in g  and a f t e r  3, 
6 and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r  te m p e ra tu re  (4 C)
PM
Storage PD
-• PM fro m  RM a t  2°C PM f ro m  RM a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l 6 .73 6.71 6 ,65 6 .59 6.71 6 .6 0 6. 04
3 days 6. 68 6 .68 6 .64 6.58 6.68 6 .60 6 .02
6 days 6.66 6.67 6 .62 6.57 6. 66 6.61 5 .89
9 days 6 .65 6 .65 6.61 6. 53 6.64 6,61 5.79
Mean 6 .68 6 .68 6 .63 6 .57 , 6 .67 6.60 5. 93
T r i a l
PM S to rage
Trea tm en t (  Î -  V  ]
1. F V r e s t
2. S to rage
3. Tem perature
4. S to ra g e .  Tem pera tu re  
T r i a l .  PM S to rage  
T r i a l .  T rea tm en t 
PM S to ra g e . T rea tm en t 
R e s id u a l  
T o ta l
DF
2
Table T rea tm en t T re a tm e n t .  PM
REP
SED
24 
0.91445
S to rage
6
0 . Q2B9Q
MS 
0.01779 
0.05384 
1 .752  
0.05748 
2.550E 
1.803E 
1.51 BE 
0.006338 
0.02661 
0.008102 
0.002507 
0.1400
VR
7 0 .9 5 9 * * *  
2 1 .4 8 1 * * *  
6 9 6 .9 5 2 * * *  
1 3 0 .6 5 1 * * *  
5 7 9 .7 4 1 * * *  
4 0 9 .8 8 6 * * *  
3 4 4 .7 1 7 ** *  
2 .5 2 9 *  
1 0 ,6 1 5 * * *  
3 .2 3 2 * * *  
531.023 
29665.629
S torage  Tem perature
Unequal
0.016582
Unequal
0.015633
S to ra g e .
Tem perature
24
0.019147
* s i g n i f i c a n t  a t  5
* * " I» /j
*  *  *  »r " 0 1
p e r  ce n t  l e v e l
A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 0 .1 p e r  ce n t l e v e l )  was found  
between th e  t r i a l s  i n  th e  pH v a lu e  o f  th e  p a s te u r iz e d  m i l k .
No s i g n i f i c a n t  d i f f e r e n c e  was found  i n  th e  pH v a lu e s  i n  th e  p a s te u r iz e d  
m i l k  on th e  day o f  d e l i v e r y  and a f t e r  s to ra g e  o f  th e  m i l k  a t  2°C and 
B°C f o r  2 days.
There was a v e r  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .0 0 1 )  i n  th e  pH 
v a lu e  o f  th e  p a s te u r iz e d  m i l k  p re p a re d  on th e  day o f  d e l i v e r y  and t h a t  
p repa red  from  the  raw m i l k  s to r e d  f o r  4 days a t  2°C and 6°C.
S torage  f o r  a f u r t h e r  t h r e e  days a t  2°C and 6°C r e s u l t e d  i n  g r e a te r  
changes compared w i t h  th e  o r i g i n a l  Con d e l i v e r y )  v a lu e s .
The s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days had l i t t l e
e f f e c t  on th e  pH v a lu e s  excep t i n  th e  samples produced from  raw m i l k  
which had been s to re d  f o r  7 days a t  6°C, In  th e s e  samples th e r e  was 
a f u r t h e r  v e ry  h ig h ly  s i g n i f i c a n t  dec rease  i n  th e  pH v a lu e s .
3. T i t r a t a b l e  a c i d i t y
The r e s u l t s  o f  th e  t i t r a t a b l e  a c i d i t y  d e te rm in a t io n s  on th e  raw m i l k  
samples a re  p re sen ted  i n  Tab le  3 .5 .
No s i g n i f i c a n t  d i f f e r e n c e  was fou n d  between th e  t r i a l s  i n  th e  t i t r a t a b l e  
a c i d i t y .
The s to ra g e  t im e  o f  th e  raw m i l k  showed a h ig h ly  s i g n i f i c a n t  e f f e c t  
Cat 1 p e r  ce n t  l e v e l )  on th e  t i t r a t a b l e  a c i d i t y ,  as d id  th e  te m p e ra tu re  
o f  s to ra g e .  A h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  Cat 1 p e r  cen t l e v e l )  
was found  between th e  s to ra g e  t im e  and te m p e ra tu re  i n  t h e i r  e f f e c t  on 
th e  t i t r a t a b l e  a c i d i t y  o f  th e  raw m i l k  samples.
The v a r i a t i o n  i n  th e  t i t r a t a b l e  a c i d i t y  o f  the  raw m i l k  samples d u r in g  
th e  s to ra g e  t im e  i s  i l l u s t r a t e d  i n  F ig .  3 .1 .
The mean t i t r a t a b l e  a c i d i t y  o f  th e  raw  m i l k s  d u r in g  th e  s to ra g e  t im e  
a t  2°C showed no s i g n i f i c a n t  change. A t 6°C th e r e  was no s i g n i f i c a n t  
change a f t e r  2 and 4 days s to ra g e  b u t  a v e ry  h ig h ly  s i g n i f i c a n t  change
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TABLE 3 .5
The t i t r a t a b l e  a c i d i t y  [p e r  cen t l a c t i c  a c id )  o f  samples o f  raw
m i l k  (Rli) on d e l i v e r y  by a road  ta n k e r  and a f t e r  s to ra g e  f o r  2,
4 and 7 days a t  2°C and 6°C
T r i a l Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 0.150 0.155 0.155 0.165 0.155 0.165 0.280
2 0.155 0.165 0.168 0.175 0.165 0.175 0.370
3 0.155 0.160 0.165 0.170 0.165 0.170 0.375
Mean 0 .153 0.160 0.163 0.170 0 .162 0.170 0.342
DF MS VR
T r i a l 2 0.0002 2.848
F V r e s t 1 0.00082 11.274*
T r i a l .  F V r e s t 2 0.000020 0.277
F V r e s t . S to ra ge 2 0.00346 4 7 .4 5 8 **
F V r e s t . Tem perature 1 0.00305 4 1 .8 2 3 **
T r i a l .  F V r e s t .  S to rage 4 0.00006 0.910
T r i a l .  F V r e s t .  Tem peratu re 2 0.000093 1.273
F V r e s t . S to ra g e .  Tem peratu re 2 0.0026 3 9 .0 0 2 **
R e s id u a l 4 0.000073 1227.846
T o ta l 20 0.0008860 14884.543
T ab le
REP
SED
T r i a l
14
0 .0 1 0 2
Storage  
Unequal 
0. 01351
Tem perature
Unequal
0.01274
S to ra g e . Temperature 
6
0.01560
* s i g n i f i c a n t  a t  5
*  *  »  I I  / j
*  *  *  I I  " 0 1
p e r  c e n t  l e v e l
TABLE 3 .6
The o v e r a l l  t h r e e - t r i a l  mean t i t r a t a b l e  a c i d i t y  [p e r  cen t l a c t i c  
a c id )  o f  samples o f  p a s te u r iz e d  m i l k  [PM produced f ro m  raw m i l k  
[RM) on d e l i v e r y  by road  ta n k e r  [PD) and a f t e r  s to ra g e  f o r  2, 4 
and 7 days a t  2°C and 6°C, The v a lu e s  f o r  p a s te u r iz e d  m i l k s  
were o b ta in e d  on th e  day o f  p ro c e s s in g  and a f t e r  3, B and 9 days 
o f  s to ra g e  a t  r e f r i g e r a t o r  te m p e ra tu re  (4°C)
PM
Storage PD
PM from  RM s to re d  a t  2°C PM from  RM s to re d  a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
6 days 
9 days
0.153
0.158
0.161
0.165
0 .160
0 .163
0 .163
0 .166
0.162  
0 .164 
0 .170  
0 .174
0.168
0.175
0.178
0.180
0.160
0.165
0.168
0.171
0.163 
0 .170  
= .175 
0.180
0. 276 
0.287 
0.298 
0 .306
Mean 0.159 0 .163 0.168 0.175 , 0 .166 0.173 0.292
DF MS VR
T r i a l 2 0.00125 4 0 .1 5 5 * * *
PM S to rage 3 0.00147 4 6 .9 9 1 * * *
T rea tm en t ipe /o iv) 6 0.0538 1 7 1 9 .3 5 5 * * *
1. F V r e s t  T 1 0.001857 2 3 6 .1 7 6 * * *
2. S to ra g e  J 2 0. 007013 8 9 2 .1 0 2 * * *
3. Tem peratu re 1 0.006258 7 9 6 .1 2 6 * * *
4, S to ra g e ,  T em pera tu re 0.005072 6 4 5 .1 9 6 * * *
T r i a l ,  PM S to rage 6 0.000013 0.441
T r i a l .  T rea tm en t 12 0.00033 1 0 .8 4 3 * * *
PM S to ra g e .  T rea tm en t 18 0.00070 2 .2 38*
R e s id u a l 36 0.000031 1314.419
T o ta l 83 0.0040 170184.875
T ab le  T rea tm en t
REP
SED
24
0.001614
T re a tm e n t .  PM 
S to rage S to rage  Tem peratu re
* s i g n i f i c a n t  a t  5
*  *  II  I I  yj
G .0032298
p e r  cen t l e v e l  
0 . 1  "
Unequal Unequal 
0.0022165 0.0020898
S to ra g e .
Tem perature
24
0.0025595
T i t r a t a b l e  a c i d i t y  (per  cen t )
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[p < 0 .0 0 1 ) was found  a f t e r  7 days.
The r e s u l t s  f o r  th e  t i t r a t a b l e  a c i d i t y  o f  the  p a s te u r iz e d  samples a re
p re sen ted  i n  T ab le  3 .6 .
A s i g n i f i c a n t  d i f f e r e n c e  (p < 0 .0 1 )  was found  between th e  t i t r a t a b l e  
a c i d i t y  o f  th e  p a s te u r iz e d  samples o f  m i l k  p rocessed on th e  day o f  
d e l i v e r y  and a f t e r  2 days s to ra g e  a t  2°C and B°C, w h i le  th e  d i f f e r e n c e  
in  th e  t i t r a t a b l e  a c i d i t y  i s  h ig h  (p < 0 .001) a f t e r  4 days s to ra g e  a t  
2°C and B°C. The p a s te u r iz e d  m i l k  produced from  raw m i l k  a f t e r  7 days 
s to ra g e  a t  2°C gave a more s i g n i f i c a n t  d i f f e r e n c e  [p < 0 .0 0 1 ) ,  w h i le  
th e  most h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  was found  i n  th e  p a s te u r iz e d  m i l k  
produced from  raw m i l k  a f t e r  7 days s to ra g e  a t  6°C. The s to ra g e  o f  
th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 3 days a t  4°C gave a h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  t a t  0.1 p e r  ce n t  l e v e l ) . i n  th e  t i t r a t a b l e  a c i d i t y .  The same 
s ig n i f i c a n c e  was found  between th e  t r i a l s .  The i n t e r a c t i o n  between the  
t r i a l s  and th e  t re a tm e n ts  was s i g n i f i c a n t  (a t  0.1 pe r cen t l e v e l ) ,  w h i le  
th e  s to ra g e  t im e  f o r  th e  p a s te u r iz e d  m i l k  and th e  t re a tm e n t  a ls o  showed 
a s i g n i f i c a n t  i n t e r a c t i o n  Cat 5 p e r  ce n t  l e v e l ) .
The v a r i a t i o n s  i n  th e  t i t r a t a b l e  a c i d i t y  o f  th e  p a s te u r iz e d  m i l k s  a re  
i l l u s t r a t e d  i n  F ig s  3 .2 ,  3 .3 .
The maximum t i t r a t a b l e  a c i d i t y  found  th ro u g h o u t  th e  expe r im en t was 
0,375 pe r c e n t  l a c t i c  a c id  and th e  minimum was 0.150 p e r  c e n t .
4. The cream l i n e
The r e s u l t s  .o f th e  cream l i n e  measurement o f  th e  raw m i l k  samples are 
p re sen ted  in  Tab le  3 .7 .
A s i g n i f i c a n t  d i f f e r e n c e  Cat 5 p e r  c e n t  l e v e l )  was found  i n  th e  cream 
l i n e  between th e  samples f ro m  d i f f e r e n t  t r i a l s .  No s i g n i f i c a n t  
d i f f e r e n c e  was found between th e  mean v a lu e s  o f  the  cream l i n e  f o r  th e  
raw m i l k  on th e  day o f  d e l i v e r y  from  th e  road ta n k e r  and t h a t  o f  th e  
m i l k  a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and B°C.
The r e s u l t s  o f  th e  cream l i n e  v a lu e s  f o r  th e  p a s te u r iz e d  m i l k  a re  
p re sen ted  in  T ab le  3 .8 .
40
Tab le  3 ,7
The cream l i n e  v a lu e  [p e r  c e n t )  o f  raw m i l k  [RM] on d e l i v e r y
by a road ta n k e r  and a f t e r  s to ra g e  f o r  2 , 4 and 7 days a t  2°C and 60C
T r i a l Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 5 .00 5 .00 7 .00 6,50 5. 00 6 .00 6, 50
2 5 .00 7. 00 6. 00 6,00 7 .00 6.00 6. 00
3 6 .00 5 .00 5 .00 5 .00 5 .00 6 .00 5.00
Mean 5 .33 5 .67 6 .00 5.83 5.67 6 .00 5.83
DF MS VR
T r i a l 2 1 .333 6 .00 *
F V r e s t 1 0.6429 3.857
T r i a l ,  F V r e s t 2 1.1667 7 .0 00*
F V r e s t . S to rage 2 0.1667 1.000
F V r e s t . Tem pera tu re 1 0, 000 0,000
T r i a l .  F V r e s t .  S to ra g e 4 1.0833 6 .500*
T r i a l .  F V r e s t .  Tem peratu re 2 0.1667 1.000
F V r e s t . S to ra g e .  Tem peratu re 2 0.000 0.000
R e s id u a l 4 0.1667
T o ta l 20 0.5655
Tab le  T r i a l S to rage
UnequalREP 7
SED 0,2162 0.2887
T em pera tu re
Unequal
0 ,2722
S to ra g e . Tem peratu re
3
0,3333
* s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
*  *  n  II  / j  II  II  II
; *  *  II  II  g  / j  I I  I I  II
TABLE 3.0
The o v e r a l l  t h r e e - t r i a l  mean cream l i n e  v a lu e  [p e r  c e n t )  o f  samples 
o f  p a s te u r iz e d  m i lK  [PM) produced f ro m  raw m i l k  (RM) on d e l i v e r y  by 
road ta n k e r  (PD) and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and 
B°C. The v a lu e s  f o r  p a s te u r iz e d  m i l k s  were o b ta in e d  on th e  day o f  
p ro c e s s in g  and a f t e r  3, 6 and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r
te m p e ra tu re  (4°C)
PM
Storage PD
PM from RM s to re d  a t  2°C PM from RM s to re d  a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l 3.71 5 .33 3.71 4 .3 3 5.00 4.71 2,71
3 days 5 .00 5 .3 3 4 .0 0 4.71 5 .33 4.71 2.71
S days 5.00 5 ,33 4 .3 3 4 .33 5 .33 5 .00 2.71
9 days 5 .00 5 .00 4 .0 0 4 .3 3 5 .33 4.71 2,71
Mean 4.667 5.25 4 .00 4 .42 5.25 4 .75 2.71
REP
SED
DF MS VR
T r i a l 2 3.000 I B . 9 0 0 ***
PM S torage 3 0,6032 3 .800*
Trea tm en t (  1 -  V  ^ 6 9,5952 6 0 .4 5 0 * * *
1 F V r e s t  f 1 0,7937 2 .002
2. S to rage 2 17.5138 4 4 .1 6 8 * * *
3. Tem perature  ' 1 2.0000 5 .044*
4, S to ra g e . Tem peratu re 9.8749 2 4 .9 0 4 * * *
T r i a l .  PM S to rage 6 0.2698 1.700
T r i a l .  T rea tm en t 12 1.6667 1 0 ,5 0 0 * * *
PM S to ra g e , T rea tm en t 18 0.2143 1.350
R e s id u a l 36 0.1587
T o ta l 83 1.1635
l ie  T rea tm en t T re a tm en t.  
—  ------------------ S to rage
PM S to rage Tem perature
12 3 Unequal Unequal
0 .1626 0 .3253 0.2226 0.2099
S to ra g e .
T em pera tu re
12
0.2571
* s i g n i f i c a n t  a t  5
* * t r (I /j
* * * " ” 0 1
p e r  ce n t  l e v e l
A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  t a t  0.1 p e r  cent l e v e l )  was found
in  th e  cream l i n e  between th e  samples f ro m  d i f f e r e n t  t r i a l s .
The p a s te u r iz e d  samples gave s m a l le r  cream l i n e  v a lu e  than  th e  
c o r re s p o n d in g  raw m i l k  samples. S to rage  o f  raw m i l k  a t  2°C f o r  2, 4 
and 7 days had no s i g n i f i c a n t  e f f e c t  on th e  cream l i n e  o f  samples o f  
p a s te u r iz e d  m i l k  d e r iv e d  from  i t .
There were v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  Cat 0.1 p e r  cen t l e v e l )  
in  th e  cream l i n e  o f  th e  p a s te u r iz e d  m i l k  produced from  raw m i l k  s to re d  
a t  6°C f o r  2, 4 and 7 days. The te m p e ra tu re  o f  th e  s to ra g e  b rough t 
about a decrease  i n  th e  cream l i n e  o f  th e  p a s te u r iz e d  m i l k  ( s i g n i f i c a n t  
a t  5 per cen t l e v e l ) .
A ve ry  h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  Cat 0.1 p e r  cen t l e v e l )  was found  
between s to ra g e  and te m p e ra tu re  i n  t h e i r  e f f e c t  on cream l i n e .
The s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days had a 
s i g n i f i c a n t  e f f e c t  (a t  5 p e r  ce n t l e v e l )  on th e  cream l i n e ,
5. F re e z in g  P o in t
The r e s u l t s  o f  t e s t s  f o r  th e  f r e e z in g  p o in t  v a lu e  o f  raw  m i l k  samples 
a re  p re sen ted  i n  Tab le  3 ,9 ,
A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  (a t  1 p e r  ce n t  l e v e l )  was found  between 
th e  t r i a l s  i n  th e  f r e e z in g  p o in t  v a lu e  o f  th e  raw m i l k  samples.
A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  (a t  0.1 p e r  ce n t l e v e l )  was found 
in  th e  f r e e z in g  p o in t  v a lu e s  due t o  th e  s to ra g e  t im e  and th e  
te m p e ra tu re  o f  s to ra g e  o f  t h e  raw m i l k  samples. There was a s i g n i f i c a n t  
i n t e r a c t i o n  between s to ra g e  t im e  and te m p e ra tu re  in  r e l a t i o n  to  f r e e z in g  
p o in t  v a lu e  where th e  m i l k  had been s to re d  f o r  7 days a t  6°C. T h is  
sample showed a marked decrease  i n  i t s  f r e e z in g  p o in t  ( o r  in c re a s e  in  
th e  f r e e z in g  p o in t  d e p re s s io n ) .
The r e s u l t s  o f  f r e e z in g  p o in t  t e s t s  f o r  th e  p a s te u r iz e d  m i lk s  a re  
p resen ted  i n  T a b le  3 .10 ,
41
T ab le  3 .9
The f r e e z i n g - p o i n t  va lu e  Cin °C) o f  raw m i l k  (RM) on d e l i v e r y  by a
road  ta n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and 6°C
T r i a l Day o f  
d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 60C
2 days 4 days 7 days 2 days 4 days 7 days
1 -0 .5 2 9 -0 .5 3 2 -0 .5 2 8 -0 .5 2 9 -0 .531 -0 .5 3 3 -0 .582
2 -0 .531 -0 .5 3 3 -0 ,5 3 0 -0 .5 3 2 -0 .53 1 -0 .5 3 2 -0 ,5 9 2
3 -0 .5 3 7 -0 .5 3 8 -0 .537 -0 .5 3 6 -0 .5 3 8 -0 .541 -0 .5 8 9
Mean -0 .5 3 2 -0 .5 3 4 -0 .5 3 2 -0 .5 3 2 -0 .5 3 3 -0 .5 3 5 -0 .5 8 8
DF MS m
T r i a l 2 0.00001903 1 9 .8 58 **
F V r e s t 1 0.00005229 5 4 .5 6 2 **
T r i a l .  F V r e s t 2 0,000000144 0.150
F V r e s t . S to rage 2 0.000273 2 8 4 .8 9 3 ** *
F V r e s t . Tem peratu re 1 0.0003306 3 4 4 .9 9 6 ** *
T r i a l .  F V r e s t .  S to rage 4 0.000001933 2. 017
T r i a l .  F V r e s t .  Tem peratu re 2 0.00000005833 0. 061
F V r e s t . S to ra g e .  Tem perature2 0.0002904 3 0 3 .0 4 9 ** *
R e s id u a l 4 0.0000009583 50.314
T o ta l 20 0.00007799 4094.641
Tab le  T r i a l
REP
SED
14
0.0011701
S torage  Tem perature  
Unequal Unequal 
0.0015479 0.0014593
S to ra g e .  Tem perature  
B
0.0017873
* s i g n i f i c a n t  a t  5
*  *  I I  I I  / j
+ * * II ” 0 1
p e r  c e n t  l e v e l
TABLE 3.10
The o v e r a l l  t h r e e - t r i a l  mean f r e e z i n g - p o in t  v a lu e s  Cin °C) o f  
p a s te u r iz e d  m i l k  CPM) produced from  raw m i l k  CRM) on d e l i v e r y  
by road ta n k e r  CPD) and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C 
and B C. The v a lu e s  f o r  p a s te u r iz e d  m i l k s  were o b ta in e d  on th e  
day o f  p ro c e s s in g  and a f t e r  3, 6 and 9 days o f  s to ra g e  a t
r e f r i g e r a t o r  te m p e ra tu re  C4°C
PM
Storage PD
PM from  RM a t 2°C PM fro m  RM a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l -0 .5 2 4 -0 .531 -0 .531 -0 .5 3 2 -0 .5 3 2 -0 .5 3 2 -0 .571
3 days -0 .5 2 8 -0 .531 -0 .531 -0 .5 3 2 -0 .5 3 2 -0 .5 3 2 -0 .571
6 days -0 .5 2 8 -0 .531 -0 .5 3 2 -0 .5 3 3 -0 .5 3 2 -0 .5 3 3 -0 .5 7 5
9 days -0 .5 2 8 -0 .5 3 3 -0 .5 3 3 -0 .5 3 6 -0 .5 3 5 -0 .5 3 5 -0 .5 7 4
Mean j -0 .5 2 7 -0 .5 3 2 -0 .5 3 2 -0 .5 3 4 -0 .5 3 3 -0 .5 3 4 -0 .5 7 3
DF MS VR
T r i a l 2 0.0004938 6 8 .3 3 9 * * *
PM S torage 3 0,00007134 9 .8 7 4 * * *
Trea tm ent (  1 -  h e  l o o n ) 6 0.005947 8 2 3 .0 2 8 * * *
1. F V r e s t  ^ 1 0.0003186 5 2 5 .0 9 6 * * *
2. S to rage 2 0.0007007 1 1 5 4 .9 6 6 ** *
3. Tem peratu re 1 0.0006889 1 1 3 5 .4 8 0 ** *
4. S to ra g e .  Tem peratu re L 2 0.0005795 9 5 5 .1 7 1 * * *
T r i a l .  PM S to rage 6 0,00001204 1.666
T r i a l .  T rea tm en t 12 0.00002443 3.381 *
PM S to ra g e . T rea tm en t 18 0.000005341 0.739
R e s id u a l 36 0.000007225 86.702
T o ta l 83 0.0004530 5436.500
Table  T re a tm en t
REP
SED
24
T re a tm e n t.  PM 
S to rage
B
0.0007760 0.0015519
S to rage  T em pera tu re
Unequal Unequal 
0.0006158 0.0005806
S to ra g e .
T em pera tu re
24
0.0007110
* s i g n i f i c a n t  a t  5 pe r ce n t  l e v e l
*  *  II I I  yj II  II  II
*  *  *  II I I  Q  / j  II  II  II
A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  cen t l e v e l )  was found
between th e  t r i a l s  i n  th e  f r e e z in g  p o in t .
The p a s te u r iz e d  m i l k s  gave a lo w e r  v a lu e  f o r  the  f r e e z in g  p o in t  
d ep re ss io n  th a n  th e  c o r re s p o n d in g  raw m i l k  due to  in c o r p o r a t io n  o f  
sm a ll  amounts o f  w a te r  f ro m  th e  p a s te u r iz in g  p la n t  and p ip e l i n e s  e tc .
The p a s te u r iz e d  m i l k s  w h ich  were produced from  raw m i l k  s to re d  a t  2°C 
and 6°C f o r  2, 4 and 7 days showed a v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  
Cp < 0 .001) i n  the  f r e e z in g  p o in t  and h ig h e s t  v a lu e  was found  in  th e  
p a s te u r iz e d  m i l k  produced f ro m  raw m i l k  a f t e r  7 days s to ra g e  a t  B°C,
The s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, B and 9 days gave a v e ry  
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 0 .1 p e r  cen t l e v e l )  i n  th e  f r e e z in g  
p o in t  between th e  samples. The h ig h e s t  v a lu e s  were found  in  the  
processed m i l k s  p re p a re d  fro m  raw m i l k  s to re d  a t  6°C f o r  7 days.
B. The f r e e  s u lp h y d r y l  g roups
The r e s u l t s  o f  th e  d e te r m in a t io n s  o f  f r e e  s u lp h y d r y l  g roups o f  th e  raw 
m i l k  samples a re  p re sen ted  i n  T a b le  3 ,1 1 .
No s i g n i f i c a n t  d i f f e r e n c e  was fou n d  in  th e  amounts o f  f r e e  s u lp h y d r y l  
g roups in  th e  samples f ro m  d i f f e r e n t  t r i a l s .
No s i g n i f i c a n t  d i f f e r e n c e  was found  i n  th e  f r e e  s u lp h y d r y l  g roups due 
to  th e  s to ra g e  t im e  o r  t o  th e  te m p e ra tu re  o f  s to ra g e  o r  th e  i n t e r a c t i o n  
between them.
The v a r i a t i o n s  i n  th e  f r e e  s u lp h y d r y l  g roups  f o r  th e  raw m i l k  s to re d  
a t  2°C and B°C f o r  2, 4 and 7 days a re  i l l u s t r a t e d  i n  F ig .  3 .4 .
The r e s u l t s  o f  d e te r m in a t io n s  o f  f r e e  s u lp h y d r y l  g roups f o r  th e  
p a s te u r iz e d  m i lk s  a re  p re s e n te d  in  Tab le  3 .1 2 .
A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat G.1 p e r  cent l e v e l )  was found 
i n  th e  f r e e  s u lp h y d r y l  g roups  CF-SH) o f  m i l k s  i n  d i f f e r e n t  t r i a l s .  
S torage  o f  th e  m i l k  f o r  2, 4 and 7 days le d  t o  s i g n i f i c a n t  d i f f e r e n c e s
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TABLE 3.11
The f r e e  s u lp h y d r y l  g roups [exp ressed  as U nP l/g  d ry  w e ig h t )
o f  raw m i l k  CRM) on d e l i v e r y  by a road  t a n k e r  and a f t e r
s to ra g e  f o r  2, 4 and 7 days a t  2°C and B°C
T r i a l Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 5 .15 4 .8 3 5 .02 8.85 4 .39 5 .02 6.41
2 3 .59 4 .15 4 .94 4 .0 2 3 .15 2 .32 3. 88
3 3 .33 6.44 6 .28 3. 96 4 .15 3.85 4 .30
Mean 4 .0 2 5 .14 5.41 5.61 3.91 3 .73 4.91
DF MS VR
T r i a l 2 13.2646 5.253
F V r e s t 1 2.9322 1.161
T r i a l .  F V r e s t 2 0.8104 0.321
F V r e s t . S to rage 1.92598 0.763
F V r e s t . Tem peratu re 1 13.4358 5.321
T r i a l .  F V r e s t .  S to rage 4 5.2368 2.074
T r i a l .  F V r e s t .  Tem perature 2 0.18397 0.073
F V r e s t . S to ra g e .  Tem peratu re 2 0.6608 0.262
R e s id u a l 4 2.5252 825.806
T o ta l 20 4 .0553 1326.211
Table
REP
SED
T r i a l  
14 
0 . 600B2
S torage
Unequal
0.79455
Tem pera tu re
Unequal
0.74911
S to ra g e . Tem perature  
6
0.91746
* s i g n i f i c a n t  a t  5 pe r cen t l e v e l
*  +  M /| t j  V  H
*  *  II  " 0 1 * ’ ”  ”
TABLE 3 .12
The o v e r a l l  t h r e e - t r i a l  mean f r e e  s u lp h y d r y l  g roups [exp ressed  as 
pfTiûl/g d ry  w e ig h t ]  o f  samples o f  p a s te u r iz e d  m i l k  [PM] produced 
from  raw m i l k  CRM] on d e l i v e r y  by road ta n k e r  and a f t e r  s to ra g e  
f o r  2, 4 and 7 days a t  2°C and B°C, The v a lu e s  f o r  p a s te u r iz e d  
m i l k s  were o b ta in e d  on th e  day o f  p ro c e s s in g  and a f t e r  3, B and 9 
days o f  s to ra g e  a t  r e f r i g e r a t o r  te m p e ra tu re  [4 °C ]
PM
S to rage PD
PM from RM s to re d  a t  2°C PM from RM s to re d  a t  6°C
2 days ' ■ 4 days 7 days 2 days 4 days 7 days
I n i t i a l 3. 95 3 .58 2 .61 3.29 3 .98 3,56 3.64
3 days 6 .15 6.11 3 . 58 4 .30 7 .26 3 .7 3 5.75
6 days 6.51 5.31 4 .61 4 .47 4 .6 0 5 .23 5.28
9 days 5.11 3 .96 4 .37 5 .08 4 .30 4 .19 5 .88
Mean 5 .4 3 4 .7 4 4 .04 4 .28 5 .04 , 4 .18 , 5 .14
DF MS VR
T r i a l 2 100.3880 2 5 .6 6 1 * * *
PM S to rage 3 22.4622 5 .7 4 2 * *
T rea tm en t ( ^ —  Y ) 6 6.8780 1.758
1. F V r e s t " 1 15.184399 5 .161*
2. S to rage 8.038078 2 .7 3 2 *
3. Tem pera tu re 1 6.619881 2.250
4. S to ra g e .  Tem peratu re _  2 1.693881 0. 576
T r i a l . PM S to rage 6 10.1483 2.594
T r i a l . T rea tm en t 12 4 .7223 1.207
PM S to ra g e .  T rea tm en t 18 3.6818 0.941
R e s id u a l 36 3.9120 1494.745
T o ta l 83 7.5397 2919.042
T ab le  T rea tm en t
REP
SED
24
0.57097
T re a tm e n t .  PM 
S to rag e
1.14193
S torage  Tem peratu re
Unequal
0.42682
Unequal
0.40430
S to ra g e .
Tem perature
24
0.49516
* s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
*  *  I I  I I  /J I I  I I  I I
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(a t  5 p e r  cen t l e v e l )  i n  th e  c o n te n t  o f  F-SH g roups  b u t  th e  te m p e ra tu re  
o f  s to ra g e  d id  n o t  have a s i g n i f i c a n t  e f f e c t .
The v a r i a t i o n s  i n  th e  F-SH groups f o r  th e  p a s te u r iz e d  m i l k  produced 
fro m  raw m i l k  s to re d  a t  2°C and 6°C a re  shown i n  F ig s  3 .5  and 3 .6 ,
The s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, B and 9 days showed a 
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 1 p e r  cent l e v e l )  i n  th e  f r e e  
s u lp h y d r y l  g ro u p s .
7. C a lc ium  d e te rm in a t io n
The r e s u l t s  o f  th e  d e te rm in a t io n s  o f  c a lc iu m  i n  raw and co rre sp on d ing  
p a s te u r iz e d  m i l k s  a re  p re sen ted  i n  Tab le  3 .1 3 .
A v e ry  h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 0 .1  p e r  ce n t  l e v e l )  was 
found i n  th e  c a lc iu m  le v e l  o f  th e  samples between t r i a l s .
The o n ly  d i f f e r e n c e  found  i n  the  c a lc iu m  le v e l s  d u r in g  th e  s to ra g e  
p e r io d  was an u n u s u a l ly  h ig h  r e s u l t  a f t e r  two days i n  th e  t h i r d  t r i a l .  
T h is  may have been due to  a n a l y t i c a l  e r r o r ,
8. T o ta l  s o l id s
The r e s u l t s  o f  d e te rm in a t io n s  o f  th e  t o t a l  s o l id s  o f  th e  raw m i lk s  a re  
p re sen te d  i n  Tab le  3 .1 4 .
A s i g n i f i c a n t  d i f f e r e n c e  Cat 5 p e r  c e n t  l e v e l )  was fou n d  between th e  
t o t a l  s o l i d s  l e v e l  o f  m i l k  i n  d i f f e r e n t  t r i a l s .
No s i g n i f i c a n t  d i f f e r e n c e  was found  i n  th e  t o t a l  s o l id s  c o n te n t  o f  raw 
m i l k  samples due to  th e  e f f e c t  o f  th e  s to ra g e  t im e  o r  th e  e f f e c t  o f  
th e  te m p e ra tu re  o f  s to ra g e  and s i m i l a r l y  th e re  was no s i g n i f i c a n t  i n t e r ­
a c t io n  between th e  te m p e ra tu re  and th e  s to ra g e  t im e .
The r e s u l t s  o f  th e  t o a l  s o l i d s  v a lu e s  f o r  th e  p a s te u r iz e d  m i lk s  are 
p re sen ted  i n  Tab le  3 .1 5 .
A v e ry  h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 per ce n t  l e v e l )  was found
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TABLE 3 .13
The c a lc iu m  d e te r m in a t io n  expressed as ym ol/Kg o f  raw m i l k  
CRM] and p a s te u r iz e d  m i l k  [PM) on th e  day o f  d e l i v e r y  from  
th e  road ta n k e r  and a f t e r  th e  s to ra g e  f o r  7., 4 and 7 days
a t  2°C and B°C
T r i a l Type Day o f  d e l i v e r y
S to rage  a t  2°C S to rage  a t  6OC
2 days 4 days 7 days 2 days 4 days 7 days
1 RM 28,38 28.37 28.38 28.36 28.34 28.37 28.38
PM 28 .37 28.35 28.37 28.37 28.36 28.38 28.39
2 RM 28.38 28.38 28.38 28.38 28. 38 28.38 28.38
PM 28.38 28.38 28.38 28.38 28.38 28.38 28. 38
3 RM 28.77 28.95 28.71 28.61 29.01 28.84 28.68
PM 28.72 29.01 28.63 28.66 29.01 28.71 28.53
Mean 28.50- 28.57 28.47 28.46 28.58 , 28.51 28.46
DF MS V R
T r i a l 2 1.4807148 5 8 8 .4 6 0 * * *
Type 1 0.003419 1.359
Trea tm en t 6 0.03184 1 2 .6 5 6 * * *
T r i a l .  Type 2 0.004662 1.853
T r i a l .  T rea tm en t 12 0.03778 1 5 .0 1 7 * * *
Type. T rea tm ent 6 0.002209 0.878
R e s id u a l 12 0.002516 5.374
T o ta l 41 0.08932 190.749
Table  T r i a l T rea tm en t T rea tm en t. T r i a l  Type
REP 28 12 4 42
SED 0.01341 0. 02048 0.03547 0.01095
* s i g n i f i c a n t  a t
* + i f
*  *  *  IP IP
5
1
0.1
pe r  cent: l e v e l
Type .
T rea tm en t
TABLE 3.14
The t o t a l  s o l i d s  c o n te n t  [exp ressed  as p e r  c e n t )  o f  raw
m i l k  (RM) on d e l i v e r y  by a road  ta n k e r  and a f t e r  s to ra g e
f o r  2, 4 and 7 days a t  2°C and 6°C
T r i a l Day o f  d e l i v e r y
RM s to r e d  a t 2°C RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 12.272 12.121 12,270 12.243 12.322 12.309 12.271
2 12.222 12.258 12.271 12.226 12.250 12.197 12.122
3 12.116 12.199 12.111 12.076 12.112 12.151 12.077
Mean 12.203 12.193 12.228 12.157 12.228 12.219 12.200
DF MS m
T r i a l 2 0.0711093 10.739
F V r e s t 1 0.0000823 0.012
T r i a l .  F V r e s t 2 0.0001946 0.029
F V r e s t . S to rage 2 0.008325 1.257
F V r e s t . Tem peratu re 1 0,0001361 0,021
T r i a l .  F V r e s t .  S to rage 4 0.0048951 0.739
T r i a l ,  F V r e s t .  Tem peratu re 2 0.017979 2.715
F V r e s t . S to ra g e .  Tem peratu re 2 0.002758 0.417
R e s id u a l 4 0.0066215 6.694
T o ta l 20 0.012350 12.485
Table
REP
SED
T r i a l
14
S to rage
Unequal
0.03076 0,04069
Tem perature
Unequal
0 .03636
S to ra g e .  Tem perature
6
0.04698
* s i g n i f i c a n t  a t  5
* * I» /|
* *  " " 0.1
p e r  c e n t  l e v e l
TABLE 3 .15
The o v e r a l l  t h r e e - t r i a l  mean t o t a l  s o l id s  c o n te n t  [exp ressed  as p e r  c e n t ]
o f  p a s te u r iz e d  m i l k  (PM) produced from  raw m i l k  (RM) on d e l i v e r y
by road ta n k e r  (PD) and a f t e r  s to ra g e  f o r  2 ,  4 and 7 days a t  2°C
and 6°C. The v a lu e  f o r  p a s te u r iz e d  m i lk s  were o b ta in e d  on the
day o f  p ro c e s s in g  and a f t e r  3 , B and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r
te m p e ra tu re  (4°C)
PM
Storage PD
PM f ro m  RM s to re d  a t  2°C PM fro m  RM s to re d  a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
6 days 
9 days
12.075
12.145
12.178
12.131
12.060
12.197
12.169
12.177
12.166
12.160
12.157
12.197
12.166
12.128
12.201
12.218
12.229
12.184
12.165
12.175
12.243
12.174
12.175 
12.204
12.161
12.144
12.189
12.133
Mean 12.132 , 12.151 12.170 12.178 12.189 12.199 , 12.157
DF MS
T r i a l 2 0 .32084 32.288
PM S torage 3 0.004181 0.421
Trea tm ent (  1 -  H 6 0.012746 1 .283
1. F V r e s t 0 .0358454 4.236
2. S torage 0.0041017 0.485
3. Temperature 0.0083570 0.988
4. S to ra g e .  Temperature u 0.0120363 1 .422
T r i a l .  PM S torage 6 0.0040765 0.410
T r i a l .  T rea tm en t 12 0.017299 1 .741
PM S to ra g e . T rea tm en t 18 0.009306 0.936
R e s id u a l 36 0.0099372 45.004
T o ta l 83 0.017928 81 .194
Table  T rea tm en t
REP
SED
24
0.02876
T re a tm e n t .  PM 
S to rage
B
0.05755
S to rage  Tem perature
Unequal
0 .02300
Unequal
Ü.021BB
S to ra g e .
Tem perature
24
0.02656
* s i g n i f i c a n t  a t  5 
*  *  » ” 1 
* * * " " 0 1
p e r  c e n t  l e v e l
i n  th e  t o t a l  s o l i d s  v a lu e s  o f  th e  p a s te u r iz e d  m i l k  i n  d i f f e r e n t  t r i a l s .
N e i th e r  s to ra g e  t im e  n o r  te m p e ra tu re  had any s i g n i f i c a n t  e f f e c t  on th e  
t o t a l  s o l i d s  l e v e l  o f  p a s te u r iz e d  m i l k s ,  and s to ra g e  o f  th e  p a s te u r iz e d  
m i l k  f o r  3, 6 and 9 days a t  4°C had no i n f lu e n c e  on th e  l e v e l  o f  t o t a l  
s o l i d s .
9. A c id  degree v a lu e
The r e s u l t s  o f  th e  a c id  degree v a lu e  t e s t s  o f  th e  raw m i l k  a re  p resen ted  
i n  Tab le  3 .1 6 .
A v e ry  h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 0,1 p e r  ce n t l e v e l )  was found  
in  th e  a c id  d e g re e .v a lu e  between th e  m i l k s  i n  th e  d i f f e r e n t  t r i a l s ,  
and w i t h  th e  s to ra g e  t im e  o f  th e  raw m i l k  samples.
The mean v a lu e s  o f  th e  a c id  degree v a lu e  showed a h ig h l y  s i g n i f i c a n t  
Cp < 0 .0 0 1 )  and p ro g re s s iv e  in c re a s e  o v e r  th e  s to ra g e  p e r io d  a t  bo th  
2°C and B°C.
The v a r i a t i o n s  in  th e  a c id  degree v a lu e  d u r in g  th e  s to ra g e  t im e  a t  2°C 
and 6°C a re  i l l u s t r a t e d  i n  F ig .  3 .7  f o r  th e  raw m i l k  samples. There 
was no s i g n i f i c a n t  d i f f e r e n c e  in  a c id  degree v a lu e s  due to  th e  
te m p e ra tu re  o f  s to ra g e  o f  th e  raw m i l k  samples.
The r e s u l t s  o f  th e  a c id  degree v a lu e  f o r  th e  p a s te u r iz e d  m i lk s  are 
p re sen ted  i n  Tab le  3 .1 7 .
A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  [ a t  0.1 p e r  c e n t  l e v e l )  was found 
in  th e  a c id  degree va lu e  between th e  t r i a l s .
A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  [ a t  0.1 p e r  ce n t  l e v e l )  was found 
between the  i n i t i a l  a c id  degree v a lu e  o f  th e  p a s te u r iz e d  m i l k  and 
samples produced f ro m  raw m i l k  a f t e r  s to ra g e  f o r  2, 4 and 7 days.
The. te m p e ra tu re  o f  s to ra g e  o f  th e  raw m i l k s  p r i o r  t o  p ro c e s s in g  had a 
v e ry  h ig h ly  s i g n i f i c a n t  e f f e c t  [ a t  0.1 p e r  ce n t l e v e l )  on the  a c id  
degree v a lu e  o f  th e  p a s te u r iz e d  m i l k .  The i n t e r a c t i o n  between the  
s to ra g e  t im e  and te m p e ra tu re  showed a h ig h ly  s i g n i f i c a n t  e f f e c t  [ a t  
1 p e r  ce n t l e v e l )  on th e  a c id  degree v a lu e s .  There was an in c re a s e
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TABLE 3 .16
The a c id  degree v a lu e  (ADV) expressed  as (mEq/100 g f a t )
o f  samples o f  raw m i l k  (RM) on d e l i v e r y  by a road  ta n k e r
and a f t e r  s to ra g e  f o r  2 , 4 and 7 days a t  2°C and B°C
T r i a l Day o f  d e l i v e r y
RM s to re d  a t 20C RM s to r e d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 1 .145 1 .756 1 .793 2.096 1 .689 1.970 2.131
2 1 .423 1 .782 1.762 2.745 1 .753 1 .884 2.570
3 1.051 1 .487 1 .734 1 .587 1.381 1 .814 1 .615
Mean , 1 .207 1 .675 1.763 , 2 .143 1 .608 1 .890 2.106
DF 1 ^ VR
T r i a l 2 0.76247 111 .4 7 9 * * *
F V r e s t 1 2.223102 3 2 5 .0 3 2 * * *
T r i a l .  F v r e s t 2 0.018592 2.718
F V r e s t .  S to ra ge 2 0.711708 1 0 4 .0 5 6 * * *
F V r e s t .  Tem peratu re 1 0.000477 0.070
T r i a l .  F v r e s t .  S to rage 4 0.276261 4 0 .3 9 1 * *
T r i a l .  F v r e s t .  Tem perature 2 0.00444 0.649
F V r e s t .  S to ra g e .  Tem perature 2 0.032656 4.775
R e s id u a l 4 0.006840 5.699
T o ta l 20 0.320786 267.295
T o ta l  T r i a l s  S to rage  Tem perature T e m p e ra tu re . S to rage
REP 14 Unequal Unequal 
SED 0.03126 0 .04135 0.03899
6
0.04775
* s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
*  *  n II /j It II II
*  *  *  I I  " 0 1 ”  ”  ”
TABLE 3.17
The o v e r a l l  t h r e e - t r i a l  mean a c id  degree va lu e  CADV) expressed  
as Cm£q/100 g f a t )  o f  samples o f  p a s te u r iz e d  m i l k  [PM) produced 
from  raw m i l k  [RM) on d e l i v e r y  by road ta n k e r  [PD) and a f t e r  
s to ra g e  f o r  2, 4 and 7 days a t  2°C and 6°C. The v a lu e s  f o r
p a s te u r iz e d  m i l k s  were o b ta in e d  on th e  day o f  p ro c e s s in g  and 
a f t e r  3, B and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r  te m p e ra tu re  [ 4 ° t )
PM
Storage PD
PM f ro m  RM a t  2°C PM fro m  RM a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l 1 .289 1 .599 1 .843 1.782 1 .665 1 .903 1 .993
3 days 1 .413 1 .556 1 .671 1 .741 1 .711 1 .723 2.287
6 days 1.586 1.774 1.750 1.884 1 .847 1 .837 2.247
9 days 1 .583 1.716 1.727 1.822 1.882 1 .704 2.473
Mean 1.468 1 .662 1.748 1.807 , 1 .777 1 .792 2.249
T r i a l
PM S to rage  
T rea tm en t 1 ~  ‘~l
1. F V r e s t
2 . S to rage
3. Tem pera tu re
4. S to ra g e .  Tem peratu re  
T r i a l .  PM S to rage  
T r i a l .  T rea tm en t
PM S to ra g e .  T rea tm en t
R e s id u a l
T o ta l
MS 
2.18795 
0.19B198 
1 .335040 
2.835288 
1.318867 
1.450015 
0.543601 
0.103926 
0.262313 
0.066108 
0.083118 
0.252147
VR
2 6 .3 2 3 * * *  
2 .360  
1 6 .0 6 2 * * *  
31 .7 1 3 * * *  
1 4 .7 5 2 * * *  
1 6 .2 1 9 * * *  
6 .0 8 0 * *
1 .250 
3 .1 5 6 * *  
0 .795  
62.826 
190.588
Table  T rea tm en t
REP
SED
24
0.08323
T rea tm en t PM 
S to rage
6
0.16645
Storage  Tem perature
Unequal Unequal
0.07475 0.07048
S to ra g e .
Tem perature
24
0.08632
* s i g n i f i c a n t  a t  5 p e r  ce n t
*  *  M I I  / |  I I  II
*  *  *  II  I I  g  yj  I I  II
l e v e l
Fig .  3.7 The v a r i a t i o n s  in the acid degree values  
a f t e r  s torage a t  2°C and 6^C fo r  2,  4 and 
7 days of  raw m i lk  (RM) and pasteur ized  milk  
(PM) produced from the same raw milk
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TABLE 3.18
The phosphatase  t e s t  [exp ressed  as mg p - n i t r o p h e n a l / m l ] 
o f  samples o f  p a s te u r iz e d  m i l k  produced from  raw m i l k  
on th e  day o f  d e l i v e r y  by road ta n k e r  and a f t e r  s to ra g e  
a t  2°C and f o r  up t o  7 days
T r i a l Day o f  d e l i v e r y
"^P2 ^PB
2 days 4 days 7 days 2 days 4 days 7 days
1 -ve -ve -ve -ve -ve -ve -ve
2 “ Ve -ve >10 +ve >10+ve >10 +ve >10 +ve >10 +ve
3 -ve -ve -ve -ve -ve -ve -ve
P2 -  i s  th e  p a s te u r iz e d  m i l k  p roduced from  raw m i l k  s to re d  a t  2°C
^P6 -  i s  th e  p a s te u r iz e d  m i l k  p roduced from  raw m i l k  s to re d  a t  6°C
i n  th e  a c id  degree  v a lu e  d u r in g  th e  s to ra g e  o f  raw m i l k s  f o r  2, 4 and 7
days a t  2°C and B°C.
The v a r i a t i o n s  i n  th e  a c id  degree  v a lu e  o f  th e  p a s te u r iz e d  m i l k s  a re  
i l l u s t r a t e d  i n  F ig s .  3 ,8  and 3 .9 .
S torage  o f  th e  p a s te u r iz e d  m i l k  f o r  3, B and 9 days a f t e r  p ro c e s s in g  
d id  no t  r e s u l t  i n  a s i g n i f i c a n t  change i n  th e  a c id  degree v a lu e  o f  th e  
samples.
10. Phosphatase t e s t
The r e s u l t s  o f  th e  phosphatase  t e s t s  a re  p resen ted  i n  Ta b le  3 .1 8 .
T h is  t e s t  was done t o  ensu re  t h a t  th e  t im e  and te m p e ra tu re  o f  
p a s t e u r i z a t i o n  had been s u f f i c i e n t  t o  d e s t ro y  th e  phosphatase enzymes 
so i n d i c a t i n g  p ro p e r  p a s t e u r i z a t i o n ,  a ls o  to  i n d i c a t e  w he the r o r  no t 
r e c o n ta m in a t io n  w i t h  raw  m i l k  had o c c u r re d .
In  th e  f i r s t  and t h i r d  t r i a l s  a l l  p rocessed m i l k s  gave n e g a t iv e  r e s u l t s .  
In  th e  second t r i a l  n e g a t iv e  r e s u l t s  were o b ta in e d  i n  t e s t s  made on 
samples o f  p a s te u r iz e d  m i l k  p re pa re d  from  raw m i l k  on d e l i v e r y  by road 
ta n k e r  and a f t e r  s to ra g e  a t  2°C f o r  2 days. However, the  samples o f  
p a s te u r iz e d  m i l k s  p re p a re d  f ro m  th e  raw m i lk s  he ld  a t  2°C f o r  4 and 7 
days and a t  6°C f o r  2, 4 and 7 days gave p o s i t i v e ,  r e s u l t s .  The reasons 
f o r  t h i s  a re  u n c le a r .  C o l i f o r m  t e s t s  on a l l  samples o f  p a s te u r iz e d  
m i l k  were n e g a t iv e  i n  1 m l as were f o r  t e s t  p s y c h r o t r o p h is .
DISCUSSION
1. F a t
From th e  r e s u l t s  shown i n  T a b le s  3.1 and 3 .2  i t  i s  c le a r  t h a t  th e re  
was no change i n  th e  f a t  c o n te n t  o f  th e  samples f ro m  th e  day o f  
d e l i v e r y  o f  th e  raw  m i l k  by th e  road  ta n k e r  o v e r  th e  seven day p e r io d  
o f  s to ra g e  a t  2°C and B°C [T a b le  3 .1 ) .  S im i l a r l y  no changes o cc u r re d  
i n  th e  f a t  c o n te n t  o f  th e  p a s te u r iz e d  m i l k  wh ich  were produced from  
the se  raw m i l k s  e i t h e r  on th e  day o f  d e l i v e r y  o f  th e  raw  m i l k  o r  a f t e r  
a p e r io d  o f  s to ra g e ,  o r  on f u r t h e r  s to ra g e  o f  th e  r e s u l t i n g  p a s te u r iz e d  
m i lk s  f o r  3, 6 and 9 days a t  4°C [T a b le  3 .2 ) .
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The d i f f e r e n c e s  i n  f a t  c o n te n t  o f  th e  m i lk s  between th e  t r i a l s  were 
h ig h ly  s i g n i f i c a n t  (p < 0 .0 013 , and t h i s  i s  due t o  th e  seasonal 
v a r i a t i o n  i n  f a t  c o n te n t  o f  th e  m i l k  w h ich  i s  h ig h e r  i n  th e  w in t e r  
months than  i n  th e  summer months. T h is  i s  i n  agreement w i t h  M u ir  
^  [1976 3 . So th e  s to ra g e  o f  th e  raw m i l k  f o r  up to  7 days a t
2°C and B°C b e fo re  p a s t e u r i z a t i o n  has no e f f e c t  on th e  f a t  c o n te n t  o f  
th e  m i l k  b e fo re  o r  a f t e r  p ro c e s s in g .
2. pH
The r e s u l t s  o f  th e  pH v a lu e s  f o r  th e  raw m i l k  samples wh ich  a re  p re se n te d  
in  Tab le  3 .3 ,  show a s i g n i f i c a n t  d i f f e r e n c e  i n  th e  pH v a lu e  between the  
samples [ a t  5 p e r  c e n t  l e v e l )  due to  the  d i f f e r e n c e  between th e  t r i a l s .
No s i g n i f i c a n t  change was fo u n d  i n  th e  mean v a lu e  o f  th e  pH o f  th e  raw 
m i l k  samples a f t e r  s to ra g e  f o r  2 days a t  2°C and B°C o r  a f t e r  4 days 
a t  2°C, w h i le  i t  was s i g n i f i c a n t  [ a t  p < 0 . 5 3  a f t e r  7 days s to ra g e  a t  
2°C and a f t e r  4 days s to ra g e  a t  B°C and h ig h ly  s i g n i f i c a n t  (p < 0 .00 1 ) 
a f t e r  7 days s to ra g e  a t  6°C,
From th e se  r e s u l t s  we may see a decrease  i n  th e  pH v a lu e  d u r in g  th e  
s to rag e  t im e  a t  2°C and 6°C, and th e  decrease  i s  more i n  raw m i l k  
samples s to re d  a t  B°C tha n  th e  raw  m i l k  samples s to re d  a t  2°C, Of 
the  raw m i l k  samples lo w e s t  pH v a lu e  was 5.41 and th e  h ig h e s t  was 6 .7 5 .
T h is  decrease  i n  th e  pH v a lu e  i s  a r e s u l t  o f  a c id  p ro d u c t io n  w h ich  i s  
more a c t i v e  a t  B°C tha n  a t  2°C. The pH o f  norm al f r e s h  m i l k  i s  
between B .5 -6 .7  [Jenness S P a t to n ,  1959).
The r e s u l t s  f o r  th e  pH v a lu e  o f  th e  p a s te u r iz e d  m i l k  produced from  th e  
raw m i l k  r e f e r r e d  to  above a re  shown i n  Tab le  3 .4 .  The changes 
o c c u r r in g  d u r in g  s to ra g e  o f  th e  raw m i l k  a re  r e f l e c t e d  i n  s i m i l a r  
d i f f e r e n c e s  i n  th e  pH v a lu e  o f  th e  p a s te u r iz e d  m i l k  produced fro m  th e s e  
raw m i l k s .
There was a f u r t h e r  decrease  i n  th e  pH va lu e  f o r  samples o f  p a s te u r iz e d  
m i l k  s to re d  f o r  3, 6 and 9 days due to  th e  enzyme a c t i v i t y  i n  th e  m i l k  
d u r in g  s to ra g e .  The s to ra g e  o f  p a s te u r iz e d  m i l k  produced from  m i l k s  
s to re d  f o r  4 days a t  2°C caused a decrease  o f  0 .04  pH u n i t  w h i le  the
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c o r re s p o n d in g  decrease  i n  pH v a lu e s  o f  p a s te u r iz e d  m i l k  f rom  raw m i l k  
s to re d  a t  2°C f o r  7 days was 0 .0 6 .  W h ile  th e  pH o f  p a s te u r iz e d  m i lk s  
produced f ro m  raw m i l k  h e ld  f o r  4 days a t  6°C d id  n o t  change on f u r t h e r  
s to ra g e  up to  9 days th e  pH o f  m i l k s  produced fro m  raw m i lk s  he ld  f o r  
7 days a t  B°C showed d ra m a t ic  decrease  i n  the  pH to  5 .7 9 .
3. T i t r a t a b l e  a c i d i t y
The r e s u l t s  g iv e n  i n  Tab le  3 .5  f o r  th e  t i t r a t a b l e  a c i d i t y  o f  th e  raw m i l k  
show no s i g n i f i c a n t  d i f f e r e n c e s  between th e  t r i a l s .
No s i g n i f i c a n t  d i f f e r e n c e  was found  i n  th e  t i t r a t a b l e  a c i d i t y  between 
th e  samples d u r in g  th e  s to ra g e  t im e  a t  2°C f o r  2 , 4 and 7 days, and 
a t  6°C f o r  2 and 4 days .  There was however a h ig h ly  s i g n i f i c a n t  
Cp < 0 ,0 0 1 ) in c re a s e  a f t e r  s to ra g e  f o r  7 days a t  6°C.
The v a r i a t i o n  i n  th e  t i t r a t a b l e  a c i d i t y  i l l u s t r a t e d  i n  F ig .  3.1 f o r  
the  raw m i l k  d u r in g  th e  s to ra g e  t im e  a t  2°C and B°C shows th e  in c re a s e  
i n  th e  t i t r a t a b l e  a c i d i t y  i n  th e  raw m i l k  s to re d  a t  6°C on th e  f o u r t h  
day o f  s to ra g e  compared w i t h  th e  raw m i l k  s to r e d  a t  2°C.
The a c i d i t y  o f  th e  raw m i l k  d u r in g  th e  s to ra g e  t im e  a t  2°C i s  normal and 
i t  i s  between 0 .15  t o  0 .17  p e r  ce n t and th e se  r e s u l t s  are. i n  agreement w i t h  
H a l l  & T r o u t ,  C19B8) who s ta te d  t h a t  th e  average t i t r a t a b l e  a c i d i t y  o f  
normal f r e s h  m i l k  may be expec ted  t o  be f rom  0 .14  t o  0 .17  p e r  cen t c a lc u la te d  
as th e  e q u iv a le n t  o f  l a c t i c  a c id .  The in c re a s e  i n  th e  t i t r a t a b l e  
a c i d i t y  o f  raw m i l k  d u r in g  th e  s to ra g e  t im e  a t  B°C i s  due to  th e  e f f e c t  
o f  th e  m ic r o b ia l  enzyme w h ich  p roduces l a c t i c  a c id  and causes o f f -  
f l a v o u r  i n  th e  m i l k ,  [Hammer, 1 94 8 ) .  A s i g n i f i c a n t  d i f f e r e n c e  [ a t  5 pe r 
cen t l e v e l )  was found  in  th e  t i t r a t a b l e  a c i d i t y  between th e  raw m i l k  
samples on the  day o f  d e l i v e r y  and a f t e r  s to ra g e .  The r e s u l t s  o f  the  
t i t r a t a b l e  a c i d i t y  o f  p a s te u r iz e d  m i l k  produced f ro m  th e  raw m i lk s  
above a re  shown in  T ab le  3 .6 .  There i s  a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e
[p < 0 .0 0 1 ) i n  th e  t i t r a t a b l e  a c i d i t y  o f  th e  p a s te u r iz e d  m i l k  produced
fro m  raw m i l k  on th e  day o f  d e l i v e r y  and a f t e r  2, 4 and 7 days a t  2°C
and B°C and th e  d i f f e r e n c e  i s  g r e a t e r  a t  B°C tha n  a t  2°C.
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The in c re a s e  i n  th e  t i t r a t a b l e  a c i d i t y  o f  th e  p a s te u r iz e d  m i l k  d u r in g  
s to ra g e  f o r  3, B and 9 days a t  4°C i s  shown i n  F ig s  3 .2 ,  3 .3 ,  The
in c re a s e  was le s s  th a n  i n  th e  case o f  th e  raw m i l k  and t h a t  means th e
p a s t e u r i z a t i o n  te m p e ra tu re  d e s t ro y e d  some o f  th e  l a c t i c  a c id  o rgan ism s. 
O the r b a c t e r i a  w h ich  s u r v iv e  p a s t e u r i z a t i o n  te m p e ra tu re  such as some 
spec ies  o f  th e rm o d u r ic  s t r e p t o c o c c i  may grow v e ry  s lo w ly  d u r in g  the
s to ra g e  o f  p a s te u r iz e d  m i l k  a t  4°C CFinekher, 1980 ).
A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  [ a t  0.1 p e r  ce n t l e v e l )  was found in  the  
a c i d i t y  o f  th e  p a s te u r iz e d  m i l k  samples i n  d i f f e r e n t  t r i a l s .
The in c re a s e  i n  th e  t i t r a t a b l e  a c i d i t y  o f  th e  p a s te u r iz e d  m i l k  produced 
from  raw m i l k  s to r e d  a t  6°C was more than  th e  in c re a s e  i n  th e  
p a s te u r iz e d  m i l k  p roduced fro m  raw m i l k  s to re d  a t  2°C [F ig s  3 .3  and 3 .2 )
4. Cream l i n e
The r e s u l t s  o f  th e  measurement o f  cream l i n e  fo r m a t io n  f o r  th e  raw m i lk s  
d u r in g  th e  s to ra g e  t im e  a t  2°C and 6°C are p re sen ted  i n  Tab le  3 ,7 .  No 
s i g n i f i c a n t  d i f f e r e n c e s  were found  in  the  cream l i n e  form ed i n  th e  raw 
m i l k  samples due to  th e  s to ra g e  t im e  o r  th e  te m p e ra tu re  o f  s to ra g e .
A s i g n i f i c a n t  d i f f e r e n c e  [ a t  5 p e r  cen t l e v e l )  was foun d  i n  th e  cream 
l i n e  between th e  raw m i l k  samples i n  d i f f e r e n t  t r i a l s .
Dav is  [1951) s ta te d  t h a t  th e  dep th  o f  the  cream la y e r  depended upon a
number o f  f a c t o r s ,  e s p e c i a l l y : -
[1 )  th e  p e rce n tag e  o f  f a t  i n  th e  m i l k ;
[2 )  th e  t im e  d u r in g  w h ich  th e  m i l k  has remained u n d is t r u b e d ;
[3 )  th e  s iz e  o f  th e  f a t  g lo b u le s ;
[4 )  th e  p re v io u s  t r e a tm e n t  t o  wh ich  i t  has been s u b je c te d ,
e s p e c ia l l y  te m p e ra tu re  and th e  degree o f  a g i t a t i o n .
Cream l i n e  p ro d u c t io n  i n  p a s te u r iz e d  m i lk s  produced f ro m  raw m i lk s  he ld  
a t  2°C and B°C a re  p re s e n te d  i n  Tab le  3 .8 .
H ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  [ a t  0.1 p e r  cen t l e v e l )  were fou n d  in  th e
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cream l i n e  produced i n  th e  p a s te u r iz e d  samples from  d i f f e r e n t  t r i a l s .
A v e ry  h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 0,1 p e r  ce n t l e v e l )  was found  
in  th e  cream l i n e  p ro d u c t io n  i n  p a s te u r iz e d  m i l k  produced f ro m  raw 
m i l k  s to re d  a t  B°C f o r  2 , 4 and 7 days .
I t  was in d ic a t e d  ( M i l k  I n d u s t r y  F o u n d a t io n ,  19B7) t h a t  th e  cream volume 
o f  m i l k  decreases  as th e . te m p e ra tu re  and t im e  o f  s to ra g e  in c re a s e s .  
Tem peratures between 1.B°C C35°F) and 4 ,4°C  C4G°F) a re  bes t  f o r  th e  
s to ra g e  o f  m i l k .  S to ra g e  a t  10°C C50°F) may cause a 10% re d u c t io n  i n  
cream vo lume. T h is  decrease  i s  due to  th e  f a c t  t h a t  th e  c lu s t e r s  o f  
f a t  g lo b u le s  pack c lo s e r  t o g e th e r  as t im e  goes on and cream la y e r  ten d s  
t o  s h r in k .
H a l l  & T ro u t  C l968) s t a te d  t h a t  th e re  i s  a s l i g h t  r e d u c t io n  i n  cream 
volume when m i l k  was p a s te u r iz e d  a t  7 1 ,7°C f o r  15 s .  . The same 
a u th o rs  e x p la in  t h a t  th e  e f f e c t s  o f  hea t on th e  cream volume i n c l u d e : -
Ca) th e  e l e c t r i c  charge  on th e  f a t  g lo b u le s  becomes n e u t r a l i s e d ;
Cb) th e  p r o t e in  a s s o c ia te d  w i t h  th e  f a t  g lo b u le  s u r fa c e  a re  
d e h y d ra te d ,  th e re b y  l o s in g  t h e i r  s t i c k in e s s ;
Cc) c e r t a i n  s a l t s  o f  m i l k  fa v o u ra b le  t o  f a t  c lum p ing  are  
re n de re d  i n e f f e c t i v e ;
Cd) f a c t o r s  a f f e c t i n g  th e  v i s c o s i t y  o f  th e  m i l k  may be in v o lv e d ;
Ce) th e  n a t u r a l  " f a t  a g g l u t i n i n "  C e u g lo b u l in )  undergoes d é n a tu r a t io n .
5. F r e e z e - p o in t  d e p re s s io n  CFPD)
The va lu es  f o r  th e  f r e e z i n g - p o i n t  d e p re s s io n  CFPD) o f  th e  raw m i lk s  
he ld  a t  2°C and B°C f o r  up to  7 days (Tab le  3 .9 )  show a s i g n i f i c a n t  
d i f f e r e n c e  Cat 1 p e r  ce n t l e v e l )  between the  raw m i l k  samples f ro m  
d i f f e r e n t  t r i a l s .  No s i g n i f i c a n t  d i f f e r e n c e  was fou n d  in  th e  FPD 
between raw m i l k  samples d u r in g  th e  s to ra g e  a t  2°C f o r  2 , 4 and 7 days 
and a t  B°C f o r  2 and 4 days , w h i le  i t  was s i g n i f i c a n t l y  g r e a te r  Cp < 0 .0 0 1 ) 
i n  th e  raw m i l k  samples s to r e d  a t  6°C f o r  7 days. T h is  i s  due t o  th e  
e f f e c t  o f  m ic r o b ia l  a c t i v i t y  i n  th e  samples (Hall. & T r o u t ,  19B8).
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The f r e e z i n g - p o in t  d e p re s s io n  o f  th e  raw m i l k  s to re d  a t  B°C i s  h ig h  
and t h a t  i s  due to  th e  s o u r in g  w h ich  in v o lv e s  in c re a s e  i n  th e  number 
o f  m o le cu les  in  s o lu t i o n  as la c to s e  [and sometimes c i t r a t e )  breakdown 
[Jenness & P a t to n ,  1959) ,
The f r e e z i n g - p o in t  d e p re s s io n  v a lu e s  f o r  th e  p a s te u r iz e d  m i l k  produced 
from  raw m i lk s  he ld  i n  c o ld  s to ra g e  f o r  v a ry in g  p e r io d s  a t  2°C and B°C 
a re  p re sen ted  i n  Tab le  3 .1 0 .  A h ig h l y  s i g n i f i o a n t  d i f f e r e n o e  Cat 0,1 
p e r  c e n t  l e v e l )  was found  between th e  FPD v a lu e s  f o r  th e  p a s te u r iz e d  
m i lk s  i n  d i f f e r e n t  t r i a l s .  The same s i g n i f i c a n c e  was found  i n  th e  
d i f f e r e n c e  between FPD v a lu e s  o f  p a s te u r iz e d  m i lk s  produced from  raw 
m i l k  d u r in g  th e  s to ra g e  t im e  a t  2°C and 6°C b u t  th e  d i f f e r e n c e  was 
s i g n i f i c a n t l y  h ig h e r  i n  th e  p a s te u r iz e d  m i l k  p re pa re d  fro m  raw m i l k  
a f t e r  7 days s to ra g e  a t  6°C.
H a l l  s T ro u t  C19B8) re p o r te d  t h a t  p a s t e u r i z a t i o n  a f f e c t s  th e  f r e e z in g -  
p o in t  o f  m i l k  o n ly  as f a r  as i t  e f f e c t s  the  c o n c e n t r a t io n  o f  the  
c o n s t i t u e n t s  i n  s o lu t i o n .  T h e o r e t i c a l l y  no s i g n i f i c a n t  e f f e c t s  shou ld  
o ccu r  i f  th e  m i l k  has been p r o p e r l y  p a s te u r iz e d .
The s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, B and 9 days showed a ve ry  
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  ce n t  l e v e l )  on th e  FPD 
v a lu e s .
There was no d i f f e r e n c e  i n  th e  FPD v a lu e s  between th e  raw and th e
processed m i lk s  w h ich  were p re p a re d  f rom  i t .
B. Free s u lp h y d r y l  groups
The r e s u l t s  o f  a n a ly s is  o f  th e  f r e e  s u lp h y d r y l  groups i n  th e  raw m i l k
d u r in g  th e  s to ra g e  t im e  a t  2°C and B°C p re sen ted  i n  T ab le  3.11 shows
no s i g n i f i c a n t  d i f f e r e n c e  between th e  l e v e l  o f  f r e e  s u lp h y d r y l  groups 
i n  raw m i l k  samples o b ta in e d  i n  d i f f e r e n t  t r i a l s .
N e i th e r  th e  s to ra g e  t im e  n o r  th e  te m p e ra tu re  o f  th e  s to ra g e  had any 
s i g n i f i c a n t  e f f e c t  on th e  s u lp h y d r y l  le v e ls  i n  th e  raw m i l k  samples.
The v a r i a t i o n s  i n  th e  f r e e  s u lp h y d r y l  groups CF-SH) o f  raw m i l k  s to re d  
a t  2°C and B°C f o r  2 , 4 and 7 days and th e  p a s te u r iz e d  m i l k  produced
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f rom  th e  same raw m i l k  [F ig .  3 .4 )  showed an in c re a s e  i n  the  F-SH in  
raw m i l k  s to r e d  a t  2°C compared t o  th e  raw m i l k  s to re d  a t  B°C.
The F-SH groups o f  p a s te u r iz e d  m i l k  showed a decrease  a f t e r  p a s t e u r i z a t i o n  
These changes i n  th e  F-SH groups have been d iscu sse d  i n  C hapte r F iv e  ..
The v a lu e s  f o r  th e  F-SH groups o f  th e  p a s te u r iz e d  m i l k s  on p ro d u c t io n  
and a f t e r  s to ra g e  f o r  up to  9 days a t  4°C produced f ro m  raw m i l k  a f t e r  
s to ra g e  a t  2°C and 6°C a re  p re se n te d  i n  Tab le  3 ,1 2 ,  A h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  ( a t  0.1 p e r  c e n t  l e v e l )  was found  i n  th e  F-SH v a lu e s  between 
th e  p a s te u r iz e d  samples i n  th e  d i f f e r e n t  t r i a l s .
The s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  2, B and 9 days a t  4°C le d  to  
a s i g n i f i c a n t  change Cat 2 p e r  ce n t  l e v e l )  i n  th e  F-SH g roups .  An 
in c re a s e  i n  th e  l e v e l  o f  F-SH groups to o k  p la c e  d u r in g  th e  s to ra g e  o f  
th e  p a s te u r iz e d  m i l k  f o r  3 and 6 days . F u r t h e r  s to ra g e  o f  these  m i lk s  
f o r  3 [ i . e .  a t o t a l  o f  9 days f ro m  p ro c e s s in g )  days r e s u l t e d  i n  a 
decrease i n  th e  l e v e ls  o f  th e  F-SH groups i n  th e  m i l k ,  b u t  these  le v e ls  
a re  s t i l l  h ig h e r  th a n  th e  i n i t i a l  v a lu e s .
The v a r i a t i o n s  i n  th e  F-SH groups o f  th e  p a s te u r iz e d  m i l k  produced from  
raw m i l k  s to r e d  b e fo re  p ro c e s s in g  a t  2°C and B°C a re  p re s e n te d  i n  
F ig s  3 .5  and 3 .6 ,  w h ich  shows a f l u c t u a t i o n  i n  th e  F-SH groups d u r in g  
the  s to ra g e  o f  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days . The p o s s ib le '  
reasons f o r  t h i s  i s  d iscu ssed  i n  C hap te r F iv e .
7. C a lc ium
H ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .00 1 ) was found  i n  th e  c a lc iu m  
c o n te n t  o f  th e  m i l k  samples i n  d i f f e r e n t  t r i a l s .  T h is  i s  due t o  th e  
seasona l v a r i a t i o n  i n  th e  c o m p o s it io n  o f  th e  m i l k  [Jenness & P a t to n ,  
1959 ),  No s i g n i f i o a n t  d i f f e r e n c e  was found  i n  th e  t o t a l  c a lc iu m  c o n te n t  
o f  m i l k  d u r in g  th e  s to ra g e  t im e  a t  b o th  2°C and 6°C. T h is  in d ic a t e s  
t h a t  th e  s to ra g e  c o n d i t io n s  d id  n o t cause e v a p o ra t io n  o f  th e  w a te r  o f  
m i l k  so t h a t  th e  t o t a l  c a lc iu m  c o n te n t  would  be changed. There was 
no e f f e c t  f o r  th e  p a s t e u r i z a t i o n  on th e  l e v e l  o f  c a lc iu m  i n  m i l k ,
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B. T o ta l  s o l i d s
The t o t a l  s o l i d s  o f  th e  raw m i lk s  d u r in g  th e  s to ra g e  t im e  a t  2°C and 
B°C a re  p re s e n te d  i n  Tab le  3 ,14  and show t h a t  th e re  was a s i g n i f i c a n t  
d i f f e r e n c e  Cat 5 p e r  ce n t  l e v e l )  i n  th e  t o t a l  s o l i d s  c o n te n t  o f  th e  
raw samples i n  d i f f e r e n t  t r i a l s .  T h is  i s  due to  seasona l v a r i a t i o n  
i n  th e  c o m p o s it io n  o f  m i l k  CJenness S P a t to n ,  1959; M u ir  e t  a l . - ,
1978 ).  N e i th e r  th e  te m p e ra tu re s  n o r  d u r a t io n  o f  s to ra g e  had any e f f e c t  
on th e  t o t a l  s o l i d s  c o n te n t  o f  th e  raw m i l k  samples.
The t o t a l  s o l i d s  le v e l s  o f  th e  p a s te u r iz e d  m i lk s  a re  p re se n te d  i n  Table  
3 .1 5 .  As was found  f o r  th e  c o r re s p o n d in g  raw m i l k s  th e r e  was a h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  ce n t l e v e l )  i n  th e  t o t a l  s o l id s  
c o n te n t  o f  m i l k s  i n  d i f f e r e n t  t r i a l s .  There was no s i g n i f i c a n t  
d i f f e r e n c e  i n  th e  t o t a l  s o l i d s  c o n te n t  o f  th e  p a s te u r iz e d  m i l k  produced 
from  raw m i l k  s to r e d  a t  2°C and 6°C and th e  t o t a l  s o l i d s  l e v e l  o f  
p a s te u r iz e d  m i l k  d id  no t  a l t e r  on s to ra g e  a f t e r  p ro c e s s in g  f o r  3, 6 and 
9 days,
9. A c id  degree v a lu e
The a c id  degree v a lu e s  CADV) o f  th e  raw m i lk s  d u r in g  th e  s to ra g e  t im e  
a t  2°C and B°C a re  p re se n te d  i n  Tab le  3 .1 6 .  A h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  Cat 0.1 p e r  c e n t  l e v e l )  was found i n  th e  a c id  degree va lu e  
o f  th e  raw m i l k  samples i n  d i f f e r e n t  t r i a l s .
Deeth & F i t z - G e r a ld ,  C1976) in d io a te d  t h a t  i f  f r e s h  raw m i l k  w h ich  has 
been c o o le d  t o  5°C o r  lo w e r  ( r e f r i g e r a t i o n  te m p e ra tu re s )  i s  warmed to  
25-30°C and then  re c o o le d  and s to r e d ,  l i p o l y s i s  may o c c u r .  They 
s ta te d  t h a t  th e  lo n g e r  m i l k  i s  s to r e d ,  the  g r e a te r  i s  th e  p o s s i b i l i t y  
t h a t  b a c t e r i a l  g row th  w i l l  p roceed to  such an e x te n t  t h a t  i t  to o  
c o n t r i b u t e s  s i g n i f i c a n t l y  t o  th e  amount o f  l i p o l y s i s .
The mean v a lu e s  o f  ADV o b ta in e d  i n  t h i s  s tu d y  f o r  th e  raw m i l k  s to re d  
a t  2°C and B°C showed s i g n i f i c a n t  in c re a s e  Cp < 0 .0 0 1 ) .  These r e s u l t s  
are i n  agreement w i t h  those  o f  M u ir  e t  a i . (1 9 7 8 ) .  There i s  a range
f o r  th e  amount o f  ADV o f  m i l k  w h ich  co rresponds  w i t h  th e  a c c e p t a b i l i t y  
o f  d a i r y  p ro d u c ts .  I f  th e  ADV was ranged between 1 .5  t o  2 .0  an o f f -
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f l a v o u r  would  be d e te c te d  by some p e o p le .  But i f  i t  was more than  
2 .0  th e  f l a v o u r  w ou ld  be u n a c c e p ta b le  to  most peop le  [D eeth  S F i t z - G e r a ld ,  
197B). They s ta te d  t h a t  many b a c t e r i a l  l ip a s e s  d i f f e r  f ro m  m i l k  
l ip a s e  i n  t h a t  th e y  a re  n o t  i n a c t i v a t e d  by p a s t e u r i z a t i o n  even though  
th e  o rgan ism s w h ich  produce them a re  d e s t ro y e d .  Among th e  t re a tm e n ts  
wh ich  in c re a s e  l i p o l y s i s  i n  m i l k  a re  a g i t a t i o n ,  a e r a t io n  and c o o l in g  
th e  warm m i l k  [and v ic e  v e r s a ] cause much h ig h e r  e f f e c t s  tha n  f r e e z in g  
and th a w in g  o f  m i l k  [ W i l l a r t  S S jo s tro m , 19BB]
The v a r i a t i o n  i n  th e  ADV between th e  raw m i l k  samples a re  shown in  
F ig .  3 .7  w h ich  shows an in c re a s e  i n  th e  ADV d u r in g  th e  s to ra g e  t im e  
[ f ro m  1 .207  t o  2 .143  mEq/100 g f a t ) .
In  th e  same f i g u r e  i t  i s  shown t h a t  p a s t e u r i z a t i o n  r e s u l t e d  i n  lowered  
ADVs i n  th e  m i l k s .  The r e s u l t s  o f  th e  ADVs f o r  th e  p a s te u r iz e d  m i l k  
produced f ro m  raw m i l k  a re  p re s e n te d  i n  Tab le  3 .1 7 .  A h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e  [ a t  0.1 p e r  ce n t  l e v e l )  was fou n d  between th e  
ADVs o f  th e  p a s te u r iz e d  m i l k s  i n  d i f f e r e n t  t r i a l s .
A h ig h ly  s i g n i f i c a n t  e f f e c t  Cat 0.1 p e r  ce n t l e v e l )  was found  in  th e  
ADV between th e  p a s te u r iz e d  m i l k  produced from  raw m i l k  s to re d  a t  2°C 
and B°C f o r  2, 4 and 7 days.
No s i g n i f i c a n t  d i f f e r e n c e  was found  i n  the  ADV on s to ra g e  o f  th e  
p a s te u r iz e d  m i l k  f o r  3, B and 9 days.
The v a r i a t i o n  i n  th e  ADV between th e  p a s te u r iz e d  m i l k  p roduced from  
raw m i l k  a t  2°C and B°C a re  shown i n  F ig s  3 .6  and 3 .9  r e s p e c t i v e l y .
CONCLUSIONS
1. I t  i s  conc luded  f ro m  d e te r m in a t io n s  o f  th e  f a t  c o n te n t  o f  raw m i l k  
and c o r re s p o n d in g  p a s te u r iz e d  m i l k  d e r iv e d  from  i t  t h a t  s to ra g e
o f  raw m i l k  a t  2°C and B°C and s to ra g e  o f  th e  p a s te u r iz e d  m i l k  a t
4°C d id  n o t  a f f e c t  th e  l e v e l  o f  f a t  p re s e n t  i n  th e  m i l k s .
D e fe rences  d e te c te d  i n  th e  f a t  l e v e l  o f  m i lk s  i n  d i f f e r e n t  t r i a l s  
were due t o  th e  seasona l v a r i a t i o n  i n  m i l k  c o m p o s i t io n .
2. The r e s u l t s  f o r  th e  t i t r a t a b l e  a c i d i t y  and th e  pH v a lu e  o f  th e  m i l k
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showed an In c re a s e  i n  th e  t i t r a t a b l e  a c i d i t y  o f  th e  raw m i l k  
samples o ve r  th e  s to ra g e  t im e  a t  2°C and 6°C. The in c re a s e  was 
h ig h ly  s i g n i f i c a n t  w i t h  raw m i l k  s to ra g e  a t  6°C f o r  7 days w h i le  
th e re  was no s i g n i f i c a n t  change i n  th e  t i t r a t a b l e  a c i d i t y  o f  th e  
same m i l k  he ld  a t  2 ° C fo r  th e  same p e r io d  o f  t im e .
No s i g n i f i c a n t  change was fou nd  i n  th e  mean va lu e  f o r  th e  pH i n  th e  
raw m i l k  s to re d  f o r  2 and 4 days a t  2°C and 2 days a t  B°C w h i le  
i t  was s i g n i f i c a n t  a f t e r  7 days a t  2°C and 4 days a t  6°C and h ig h ly  
s i g n i f i c a n t  a f t e r  7 days a t  B°C. There was a decrease i n  th e  pH 
va lu e  f o r  th e  p a s te u r iz e d  m i l k  produced from  th e  same raw m i l k  
above, b u t  the  d ec rea se  i n  th e  pH v a lu e  d u r in g  s to ra g e  o f  th e  
p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days i s  v e ry  s m a l l .
3. The r e s u l t s  f o r  cream l i n e  fo r m a t io n  i n d ic a te d  t h a t  n e i t h e r  th e  
s to ra g e  t im e  n o r  th e  te m p e ra tu re  o f  s to ra g e  o f  th e  raw m i l k  a f f e c t e d  
th e  e x te n t  o f  cream l i n e  f o r m a t io n .  The cream l i n e  was s i g n i f i c a n t l y  
a f f e c te d  by p a s t e u r i z a t i o n  b u t  th e re  was no s i g n i f i c a n t  change due
to  th e  s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  up t o  9 days a t  
r e f r i g e r a t o r  te m p e ra tu re  C4°C}.
4 . The f r e e z i n g - p o in t  d e p re s s io n  v a lu e s  showed no s i g n i f i c a n t  change 
d u r in g  th e  s to ra g e  t im e  o f  th e  raw m i l k  a t  2°C f o r  2, 4 and 7 days 
and a t  B°C f o r  2 and 4 days . The FPD was s i g n i f i c a n t l y  changed 
a f t e r  the  f o u r t h  day o f  s to ra g e  a t  B°C due to  a c id  p ro d u c t io n  
th ro u g h  b a c t e r i a l  a c t i v i t y .  S to rage  o f  p a s te u r iz e d  m i l k  f o r  up 
to  B days d id  n o t  a f f e c t  th e  FPD b u t  f u r t h e r  s to ra g e  to  9 days 
r e s u l t e d  i n  an in c re a s e  i n  th e  FPD.
5. N e i th e r  th e  p e r io d  n o r  te m p e ra tu re  o f  s to ra g e  a f f e c te d  th e  l e v e l  
o f  F-SH groups i n  th e  raw m i l k s .  S i m i l a r l y  th e  F-SH le v e l s  o f  
c o r re s p o n d in g  p a s te u r iz e d  m i l k s  produced from  th e  raw m i lk s  were 
u n a f fe c te d  by s to ra g e  t im e  and te m p e ra tu re  b e fo re  p ro c e s s in g .
S to rage  a t  4°C o f  th e  p a s te u r iz e d  m i lk s  f o r  3, B and 9 days r e s u l t e d  
i n  a s i g n i f i c a n t  d i f f e r e n c e  i n  th e  F-SH groups between sam ples.
F u r th e r  work has been done t o  g iv e  more in f o r m a t io n  abou t th e  
e f f e c t  o f  s to ra g e  on th e  F-SH groups and i s  r e p o r te d  i n  C h a p te r  F iv e .
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G. The c a lc iu m  l e v e l s  In  raw m i l k s  he ld  a t  2°C and 6°C f o r  up to
7 days p r i o r  to  p a s t e u r i z a t i o n  were n o t  a f f e c t e d  by th e  p r e ­
p ro c e s s in g  t r e a tm e n t  and th e  c a lc iu m  le v e l s  i n  th e  c o r re s p o n d in g  
p a s te u r iz e d  m i l k s  were u n a f fe c te d  by th e  p ro c e s s in g  c o n d i t io n s  
o r  subsequen t s to ra g e  a t  4°C , V a r ia t i o n s  i n  th e  l e v e l s  o f  raw 
m i l k s  i n  d i f f e r e n t  t r i a l s  were a t t r i b u t e d  t o  seasona l v a r i a t i o n s  
i n  th e  c o m p o s i t io n  o f  m i l k .
7, As e x p e c te d ,  no change was observed  i n  th e  t o t a l  s o l i d  c o n te n t  
d u r in g  th e  s to ra g e  o f  b o th  raw Cup t o  7 days a t  2°C and B°C) and 
p a s te u r iz e d  m i l k  C fo r up to  9 days a t  4 ° C ) .
8 . I n c r e a s in g  th e  p e r io d  o f  s to ra g e  o f  raw m i l k  a t  b o th  2°C and
6°C r e s u l t e d  i n  in c re a s e  i n  th e  l e v e l  o f  ADV, The c o r re s p o n d in g  
p a s te u r iz e d  m i lk s  have lo w e r  ADV v a lu e s .  F u r t h e r  s to ra g e  o f  
th e se  p a s te u r iz e d  m i l k s  f o r  3, 6 and 9 days d id  n o t  a f f e c t  th e  
l e v e l  o f  ADV.
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CHAPTER FOUR
THE ORGANOLEPTIC QUALITY OF RAW AND 
PASTEURIZED MILK DURING STORAGE
INTRODUCTION
Many consumers r e l a t e  th e  keep ing  q u a l i t y  o f  p e r is h a b le  food s  to  la c k  
o f  d e t e r i o r a t i o n  i n  f l a v o u r ,  odour and p a l a t a b i l i t y  on s to ra g e .
C o lo u r  change may a ls o  p la y  a r o l e  i n  th e  consum er's  assessment o f  
q u a l i t y .  What th e  consumer w an ts ,  t h e r e f o r e ,  i s  assurance  t h a t  th e  
p ro d u c t  was p re pa re d  i n  a h y g ie n ic  manner, and t h a t  i t  has a good 
f l a v o u r  and w i l l  r e t a i n  i t s  good q u a l i t y  f o r  a re a s o n a b le  t im e .
The s h e l f  l i f e  o f  p a s te u r iz e d  m i l k  i s  a f f e c te d  by many f a c t o r s ,  i n  the  
cha in  o f  s tages  s t a r t i n g  w i t h  raw m i l k  h a n d l in g  th ro u g h  p ro c e s s in g ,  
p acka g in g ,  d i s t r i b u t i o n  and s to ra g e  to  th e  consum er’ s r e f r i g e r a t o r .  
Johnson [1979] d e f in e d  s a t i s f a c t o r y  s h e l f  l i f e  o f  p a s te u r iz e d  m i l k  as 
b e ing  21 days o r  more when h e ld  a t  s u i t a b le  r e f r i g e r a t o r  te m p e ra tu re s  
and th e  m i l k  h av ing  f r e s h  f l a v o u r  and aroma.
S e r io u s  f l a v o u r  d e fe c ts  i n  b o th  raw and p a s te u r iz e d  m i l k  may r e s u l t  
f rom  an a c c u m u la t io n  o f  th e  p ro d u c ts  o f  b a c t e r i a l  m e tab o lism  [Morgan, 
1970a; Morgan, 1970b) .  These a re  produced by th e  a c t i o n  o f  th e  complex 
enzyme systems o f  c o n ta m in a t in g  o rgan ism s on th e  c o n s t i t u e n t s  o f  m i l k .
P a s te u r iz e d  m i l k  may be re c o n ta m in a te d  by subsequent c o n ta c t  w i t h  
u n s a n i ta r y  equ ipm en t.  Such c o n ta m in a t io n  o f t e n  in c lu d e s  p s y c h r o t r o p h ic  
b a c te r ia  [Boyd ejk a^^., 1955; Hosono e ^  , 1974; Punch e t  a l . ,
1965; Shehata S C o l l i n s ,  1971; Shehata e ^  '  1 9 7 1 ) ,  wh ich  are 
commonly re s p o n s ib le  f o r  f l a v o u r  d e fe c ts  i n  p a s te u r iz e d  m i l k .  These 
o rgan ism s m u l t i p l y  s lo w ly  a t  4 .4°C  o r  lo w e r  and, u n le s s  the  c o n ta m in a t io n  
i s  a p p re c ia b le ,  f l a v o u r  d e fe c ts  may n o t  be e v id e n t  b e fo re  10 to  14 days 
s to ra g e .  However, i n  m i l k  w h ich  has no t been c o o led  to  below 4 .4°C  
im m e d ia te ly  a f t e r  p a s t e u r i z a t i o n  o r  wh ich  i s  s to r e d  a t  7 .2  t o  15.B°C, 
the  p s y c h r o t r o p h ic  o rgan ism s may m u l t i p l y  r a p i d l y  and cause f l a v o u r  
d e fe c ts  i n  a few days [Shehata  ^  a ]^ . , 1971 ).
Johnson [1979) s ta te d  t h a t  many typ e s  o f  f l a v o u r  d e fe c ts  are a t t r i b u t a b l e  
to  b a c t e r i a l  g ro w th ,  i n c lu d i n g  a c id  f l a v o u r  w h ich  i s  caused by the  
grow th  o f  l a c t i c  c u l t u r e s  i n  m i l k .  S t re p to c o c c u s  l a c t i s , an a c id -
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p ro d u c in g  o rgan ism  w h ich  i s  a ls o  used f o r  s t a r t e r  c u l t u r e s ,  i s  
u n i v e r s a l l y  d i s t r i b u t e d  i n  th e  d a i r y  e n v iro n m e n t .  I t  i s  e x t re m e ly  
im p o r ta n t  t o  c o o l  raw m i l k  im m e d ia te ly  a f t e r  m i l k in g  so t h a t  t h i s  
o rgan ism  canno t m u l t i p l y  and t h e r e a f t e r ,  produce l a c t i c  a c id  and so 
deve lop  a so u r  o f f - f l a v o u r  and o th e r  d e fe c ts  i n c lu d in g  m a l t in e s s .  
F r u i t y  f l a v o u r s  may de ve lo p  i n  m i l k  as a r e s u l t  o f  th e  g row th  o f  
p s y c h r o t r o p h ic  g ra m -n e g a t iv e  c o n ta m in a n ts  p ro d u c in g  o f f - f l a v o u r  such 
as a p p le ,  e s t e r - l i k e ,  o r  f r u i t y .  However, normal p a s t e u r i z a t i o n  
w i l l  e f f e c t i v e l y  c o n t r o l  th e se  o rgan ism s. Johnson [1979 3 summarized 
th e  m i c r o b io l o g io a l l y  in d uce d  o f f - f l a v o u r s  and p h y s ic a l  d e fe c ts  i n  
m i lk s  i n  th e  f o l l o w i n g  schem e:-
F la v o u r  
A c id  f l a v o u r  
M a lty
F r u i t ,  b i t t e r
p u t r i d
Ropiness
Mechanism
A c e t i c ,  p r o p io n ic  a c id s  
A ldehydes , a lc o h o ls  and 
mechanisms o f  p ro d u c t io n  
f rom  amino a c id s .
H yd ro lyze  m i l k  f a t  S e s t e r i f y  
lo w e r  f a t  w i t h  e th a n o l .  
C apsu la r  m a t e r ia l  [m uc ins ,  
g a la c ta n s )
Organism 
S t r e p , l a c t i s  
S t r e p , l a c t i s  v a r .  
m a l t ig e n e s
P s. f r a g i
A lc a l ig e n e s  v is c o s u s  
S t r e p ■ c re m o r is  v a r .  
h o l la n d ic u s  [a c id  
deve lopm en t)
M ic roco ccu s  spp.
L a c t o b a c i l l u s  b u lg a r ic u s  
E s c h e r i c h ia - e n te r o b a c te r  
g roup
Unclean, b i t t e r ,  and p u t r i d  f l a v o u r s  r e s u l t  f rom  th e  g row th  o f  
p s y c h r o t r o p h ic  o rgan ism s i n  p a s te u r iz e d  m i l k .  B a c te r ia  f ro m  t h i s  
group a re  ca pab le  o f  g ro w th  as low as 0°C [ 3 2 ° F ) . O f f - f l a v o u r s  
deve loped from  th e se  o rgan ism s g e n e r a l l y  occu r  due t o  p r o te in  b re a k ­
down i n  th e  m i l k ,  w h ioh  produce  b i t t e r  p e p t id e s  and a p u t r i d  f l a v o u r  
due to  th e  d e c o m p o s i t io n  o f  amino a c id s .
There a re  f o u r  k in d s  o f  h e a t - in d u c e d  f l a v o u r  a l t e r a t i o n s : -  cooked o r  
su lp hu ro us  f l a v o u r ,  hea t o r  r i c h ,  ca ra m e lize d  and s co rch ed . L i g h t -
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induced  o f f - f la v e u rs  are  caused when m i l k  i s  exposed t o  s u n l i g h t ,  
f lu o r e s c e n t  l i g h t ,  o r  d i f f u s e d  d a y - l i g h t .  P l a s t i c  m i l k  c o n ta in e r s  
have in c re a s e d  th e  o c c u r re n c e  o f  l i g h t - i n d u c e d  o f f - f l a v o u r s  
s i g n i f i c a n t l y ,  and hom og e n iza t io n  o f  m i l k  p ro d u c ts  in c re a s e s  th e  
in c id e n c e  o f  l i g h t  in d uce d  f l a v o u r s  due to  th e  breakdown o f  m i l k  f a t  
i n  th e  p ro d u c t  (Johnson, 19793.
L ip o ly z e d  f l a v o u r s  are  caused by th e  breakdown o f  m i l k  f a t  by th e  
enzyme l i p a s e ,  w h ich  c a ta ly z e s  th e  breakdown i n t o  f r e e  f a t t y  a c id s ,  
ca us ing  a c h a r a c t e r i s t i c  o f f - f l a v o u r .
F la v o u r  sco res  o f  p a s te u r iz e d  m i l k  a re  v e ry  im p o r ta n t ,  f i r s t l y  as a 
gu ide  to  i t s  expec ted  s h e l f  l i f e ,  and second ly  t o  h e lp  i d e n t i f y  the  
typ e  o f  any s p o i la g e  p re s e n t  i n  th e  m i l k  so f a c i l i t a t i n g  th e  search  f o r  
o rgan ism s o r  o th e r  f a c t o r s  t h a t  may be in v o lv e d  i n  o f f - f l a v o u r  d e v e lo p ­
ment.
The purpose o f  t h i s  e x p e r im e n t  was t o  i n v e s t i g a t e  th e  e f f e c t  o f  c o ld  
s to ra g e  o f  raw m i l k  a t  2°C and 6°C f o r  2 , 4 and 7 days on i t s  
o r g a n o le p t ic  q u a l i t y  and on th e  o r g a n o le p t ic  q u a l i t y  o f  p a s te u r iz e d  m i l k  
produced fro m  i t  im m e d ia te ly  a f t e r  hea t t re a tm e n t  and a f t e r  s to ra g e  a t  
r e f r i g e r a t o r  te m p e ra tu re  C4°C3 f o r  up to  9 days,
EXPERIMENTAL
1. The f l a v o u r  sco res  f o r  th e  m i l k
The method wh ich  was used f o r  th e  o r g a n o le p t ic  e v a lu a t io n  o f  th e  raw 
and p a s te u r iz e d  m i l k s  i s  t h a t  d e s c r ib e d  by H orner _et al^. ‘(1 9803 u s in g  a 
hedon ic  s c a le .  T h is  s c a le  c o n ta in e d  e ig h t  c a te g o r ie s  o f  response 
d e f in e d  as f o l l o w s ; -
L ik e  e x t r e m e ly ; a
L ik e  v e ry  much; 7
L ik e  m o d e ra te ly ; 6
L ik e  s l i g h t l y ; 5
D i s l i k e  s l i g h t l y ; 4
D i s l i k e  m o d e ra te ly ; 3
D i s l i k e  v e ry  much; 2
D i s l i k e  e x t re m e ly ; 1
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The i n t e n s i t y  o f  any f l a v o u r  d e fe c t  wh ich  th e  pane l co u ld  f i n d  was 
assessed u s in g  a f o u r  p o i n t  s c a l e : -
Very  s l i g h t ;  1
S l i g h t ;  2
D i s t i n c t ;  3
Pronounced. 4
2. C o l l e c t i n g  th e  samples f o r  th e  o r g a n o le p t ic  e v a lu a t io n
Raw m i l k  samples were c o l l e c t e d  on th e  day o f  d e l i v e r y  f rom  th e  road  
ta n k e r  and a f t e r  s to ra g e  o f  th e  s p l i t  su p p ly  f o r  2, 4 and 7 days a t  
2°C and 6°C. Samples were k e p t  i n  a f ro z e n  c o n d i t i o n .
P a s te u r iz e d  m i lk s  were p re p a re d  f ro m  m i l k  im m e d ia te ly  on d e l i v e r y  by 
the  road ta n k e r  and a f t e r  th e  s p l i t  cons ignm ent had been he ld  f o r  2 ,
4 and 7 days a t  2°C and 6°C. Samples were taken  on th e  day o f  
p ro c e s s in g  and a ls o  a f t e r  3, B and 9 days s to ra g e  a t  4°C. These 
samples were a ls o  ke p t  i n  a f r o z e n  c o n d i t io n .
3. The t a s t e  pane l
The t a s t e  pane l was composed o f  members o f  th e  s t a f f  o f  th e  Departm ent 
o f  D a i r y  Techn o logy ,  The West o f  S c o t la n d  A g r i c u l t u r a l  C o l le g e ,  A y r ,  
w i t h  e x p e r ie n c e  i n  q u a l i t y  assessment o f  m i l k  and m i l k  p ro d u c ts .
4. P r e s e n ta t io n  o f  th e  samples f o r  t e s t i n g
The samples o f  raw and p a s te u r iz e d  m i l k  were taken  f rom  th e  deep f re e z e  
c a b in e t  and warmed s lo w ly  t o  19°C and f i l l e d  i n t o  50 ml beakers u s in g  
th e  same p ro ced u re  d e s c r ib e d  by Schonborn _e^ (1 9 7 5 ) .  Each sample
was o f f e r e d  t o  f i v e  ju d g e s  f o r  th e  o r g a n o le p t ic  t e s t .  The samples 
were p re sen ted  i n  random o r d e r .
5. The te a  t e s t  -  e f f e c t  o f  m i l k  a d d i t i o n  on th e  odour and
f l a v o u r  ( t a s t e )  o f  h o t  te a
A c o n s id e ra b le  p r o p o r t io n  o f  th e  m i l k  s o ld  i n  th e  U n i te d  Kingdom and 
e lsew here  i s  added t o  te a  by consumers. I t  i s  im p o r ta n t  t h e r e f o r e ,  
t h a t  i n  e v a lu a t in g  m i l k  q u a l i t y  some a t te m p t  shou ld  be made to  d e te rm ine  
how th e  m i lk s  unde r t e s t  a f f e c t  th e  appearance, odour and f l a v o u r
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( t a s t e )  o f  te a  t o  w h ich  th e y  are  added.
In  a l l  t r i a l s  f r e s h l y  made te a  was p ro v id e d  f o r  the  g ra d e r  and te a  
bags were used t o  s ta n d a rd is e  th e  s t r e n g th  o f  th e  beverage. The 
same s t r e n g th  o f  te a  was p ro v id e d  f o r  each g ra d e r .  I n i t i a l l y  i t  was 
co n s id e re d  d e s i r a b le  t o  s ta n d a r d iz e  th e  q u a n t i t y  o f  m i l k  added bu t  i t  
became a p p a re n t t h a t  th e  p an e l members p r e fe r r e d  a w ide  range o f  m i l k  
a d d i t i o n ,  f ro m  th e  s m a l l  q u a n t i t y ,  a few drops r e q u i r e d  to  change the  
c o lo u r  o f  th e  te a  to  much l a r g e r  q u a n t i t i e s ,  around one f i f t h  o f  th e  
t o t a l  vo lum e, w h ich  gave th e  te a  a d i s t i n c t l y  m i lk y  appearance and 
t a s t e .  Because o f  t h i s  range o f  p re fe re n c e s  o f  th e  p a n e l i s t s  i t  
was dec ide d  n o t  t o  s ta n d a rd is e  th e  q u a n t i t i e s  o f  m i l k  used b u t  to  
a l lo w  th e  p a n e l i s t s  t o  use t h e i r  own chosen m ix tu re  o f  te a  and m i l k .
RESULTS
1. Appearance
( i } Raw m i l k
The means o f  th e  sco re s  g iv e n  by th e  t a s t e  pane l f o r  th e  appearance 
o f  th e  raw m i lk s  examined on th e  day o f  d e l i v e r y  and a f t e r  2, 4 
and 7 days s to ra g e  a t  two d i f f e r e n t  te m p e ra tu re s  (2°C and 6°C) 
a re  p re sen te d  i n  Tab le  4 .1 .
The d i f f e r e n c e  between th e  ju d g e s  i n  t h e i r  g rade sco res  f o r  
appearance was s i g n i f i c a n t  ( a t  th e  5 p e r  ce n t  l e v e l ) .
M i lk s  graded on th e  day o f  d e l i v e r y  showed lo w e r  sco res  f o r  the  
appearance o f  th e  raw m i l k  com paring  w i t h  th e  o th e r  days o f  s to ra g e ,  
and s t a t i s t i c a l l y  t h i s  was h ig h l y  s i g n i f i c a n t  (a t  the  1 p e r  cen t 
l e v e l ) .  On th e  o th e r  hand th e  means o f  th e  sco res  f o r  th e  
appearance o f  th e  raw m i l k  show t h a t  th e re  was no s i g n i f i c a n t  
e f f e c t  on th e  sco res  d u r in g  th e  s to ra g e  t im e  a t  two d i f f e r e n t  
te m p e ra tu re s .
The v a r i a t i o n s  i n  th e  sco re s  g ive n  f o r  the  appearance o f  the  
m i l k  on s to ra g e  a t  2°C and 6°C a re  shown i n  F ig .  4 .1 ,  There w< 
a s l i g h t  in c re a s e  i n  th e  sc o re s  g iv e n  f o r  th e  appearance o f  th e
60
raw m i l k  d u r in g  th e  s to ra g e  a t  2°C o n . th e  second and the  f o u r t h  
day o f  s to ra g e  and a decrease on th e  seven th  day , w h i le  th e  raw 
m i l k  s to r e d  a t  B°C shows a decrease f rom  th e  second day o f  
s t o r a g e .
C i i )  P a s te u r iz e d  m i l k
The means o f  th e  sco res  g iv e n  by th e  t a s t e  pane l (5 ju d g e s ]  f o r  
th e  appearance o f  p a s te u r iz e d  m i lk s  w h ich  were produced from  th e  
raw m i l k  on th e  day o f  d e l i v e r y  by th e  road  ta n k e r  and a f t e r  2,
4 and 7 days o f  s to ra g e  o f  th e  raw m i l k  a t  2^C and B°C and sampled 
on th e  day o f  p ro d u c t io n  and a ls o  a f t e r  f u r t h e r  s to ra g e  o f  the  
p a s te u r iz e d  m i l k  a t  4°C f o r  3, B and 9 days are  p re sen ted  in  
T a b le  4 .2 .
The d i f f e r e n c e s  between th e  ju d ge s  i n  t h e i r  g rade sco res  f o r  
appearance were v e ry  h ig h ly  s i g n i f i c a n t  Cat 0.1 p e r  ce n t l e v e l ] .
The samples o f  p a s te u r iz e d  m i l k  produced a t  2 , 4 and 7 days s to ra g e  
o f  th e  raw m i l k . a t  2°C showed no s i g n i f i c a n t  d i f f e r e n c e  in  the  
s co re s  f o r  th e  appearance.
There was a v e ry  h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  ce n t  
l e v e l ]  i n  th e  appearance sco res  between th e  p a s te u r iz e d  m i l k  
p roduced f ro m  raw m i l k  s to re d  a t  6°C f o r  2 , 4 and 7 days.
S to rage  o f  th e  p a s te u r iz e d  m i l k  f o r  3 , 6 and 9 days had a ve ry  
h ig h l y  s i g n i f i c a n t  e f f e c t  Cat 0.1 p e r  c e n t  l e v e l ]  on th e  
appearance s c o re s .
The sco re s  f o r  th e  appearance o f  p a s te u r iz e d  m i l k  produced from  
raw m i l k  on th e  day o f  d e l i v e r y  by th e  road  ta n k e r  were h ig h e r  
( s i g n i f i c a n t  d i f f e r e n c e  a t  0.1 p e r  ce n t l e v e l )  than  those  o f  
m i l k s  p rocessed  a f t e r  s to ra g e .
In  th e  case o f  p a s te u r iz e d  m i lk s  p re pa red  f ro m  raw m i l k  s to re d  a t  
2°C f o r  2, 4 and 7 days th e  appearance sco re s  a f t e r  3 and 6 days 
were h ig h e r  than  th e  i n i t i a l  le v e ls  o r  th e  l e v e l s  a f t e r  9 days o f
B1
TABLE 4.1
Means o f  th e  s c o re s *  g iv e n  by a pane l (5 ju d g e s )  f o r  th e  
appearance o f  samples o f  raw m i l k  CRM) on d e l i v e r y  by a 
road t a n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2 C
and B°C
Judges Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 5 .50 7 .00 7 .00 6 .00 7 .00 6 .00 7 .00
2 5 .50 5 .00 5 .00 6 .00 B.OO 3.00 6 .00
3 B.OO 7 .00 8 .00 B.OO 7.00 8 .00 B.OO
4 5.00 5.00 7 .00 6.00 B.OO 7 .0 0 5.00
5 5.50 B.OO 7.00 B.OO B.OO 7.00 5 .00
Mean 5 .50 B.OO 6 .80 B.OO 6.40 6 .20 , 5 .80
S ca le  o f  1 
Judges
= d i s l i k e  e x t re m e ly  t o
®DF
4
l i k e  e x tre m e ly
2 .6 5ÏÏ0 B . 235"*
F V r e s t 1 3.675 8 .6 4 7 * *
Judges. F V re s 4 0.550 1 .294
F V r e s t . S rorage 2 0.900 2 .118
F V r e s t . Tem peratu re 1 0.133 0 .314
Judges. F V r e s t .  S to rage 8 1 .525 3 .588*
Judges. F V r e s t .  Tem peratu re 4 0.050 0.188
F V r e s t . S to ra g e .  Tem peratu re 2 0.633 1 .490
R e s id u a l 8 0.425 0.224
T o ta l 34 1 .043 0.549
Table
REP
SED
Judges
8
0.32B
S to ra g e
10
0.292
Tem peratu re
Unequal
0 .286
S to ra g e .  Tem perature
Unequal
0 .357
p e r  c e n t  l e v e l* s ig n i f ic a n t  a t  5
*  *  n I» y j M ir I I
*  *  *  I I  II  Q  I I  I I  II
RM -  Raw M i l k
F V r e s t  -  The day o f  d e l iv e r y  compared w ith  th e  means o f  th e  o th e r  
days o f  s to ra g e  a t  2°C and B°C
TABLE 4 .2
Means o f  th e  sco res  g iv e n  by a pan e l [5 ju d g e s )  f o r  th e  appearance 
o f  p a s te u r iz e d  m i l k  CPM) p roduced fro m  raw m i l k  CRM) on d e l i v e r y  
by road  t a n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and B°C.
The sco res  f o r  p a s te u r iz e d  m i l k s  were g ive n  on th e  day o f  p ro c e s s in g  
and a f t e r  3, 6 and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r s  te m p e ra tu re  C4 C)
PM
S to rage
'
PD
J---------------
PM fro m RM s to r e d  a t  2°C PM from RM s to re d  a t  B°C
Mean
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l 4 .60 3 .80 3 .80 4 .40 3 .80 3 .00 3 .60 3 .93
3 days 6 .10 3 .80 5 .60 5.80 5 .20 4 .60 4 .00 5 .15
B days 5 .70 6 .20 6 .00 5 .40 5 .00 4 .80 4 .8 0 5 .45
9 days 4 .7 0 5 .20 4 .4 0 4 .60 5.00 2 .80 4 .4 0 4 .48
Mean 5.27 4 .70  . 4 .9 5 5.05 4 .75 3 .60 4 .20
OF MS VR
Judges 4 14.7813 17.619
PM S to rage 3 18.750 22.349
F V r e s t 1 14.7000 17.522
Judges. PM S to rage 12 1.4896 1 .776
Judges. F V r e s t 4 1.0021 1 .194
PM S to ra g e .  F v r e s t 3 1 .6389 1 .953
F V r e s t .  S to rage 2 1 .3000 1.550
F V r e s t .  Tem peratu re 1 12.675 15.108
Judges. PM S to ra g e .  F v r e s t 12 0.5937 0.708
Judges. F V r e s t .  S to ra g e 8 1 .6646 1.984
PM S to ra g e .  F v r e s t .  S to rage B 2.2889 2.728
Judges. F V r e s t .  Tem pera tu re 4 1.7167 2.046
PM S to ra g e .  F v r e s t .  Tem peratu re ■ 3 0.4750 0.566
F V r e s t .  S to ra g e .  Tem peratu re 2 3.900 4.649
R e s id u a l 74 0.8390 1 .766
T o ta l 139 2.0468 4.309
T a ^  Tem pératu re
REP
SED
Unequal
0.1870
Unequal
0.2508
PM S to ra g e . 
Tem perature
Unequal
0 .3739
PM S torage  
S to ra g e
10
0.409B
PM S to ra g e
40
0.2046
* s i g n i f i c a n t  a t  5
* * I» " 1
* * * " " 0 1
p e r  c e n t  l e v e l
PD -  P a s te u r iz e d  m i l k  p roduced  f ro m  raw m i l k  on d e l i v e r y  by road 
ta n k e r  and a f t e r  3 , 6 and 9 days o f  s to ra g e  a t  4 C
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s to ra g e  o f  th e  p a s te u r iz e d  m i lk s  [F ig .  4 . 2 ) .
In  F ig .  4 .3  w h ich  shows th e  mean scores f o r  th e  appearance o f  
p a s te u r iz e d  m i l k  p re pa re d  f ro m  raw m i l k  s to re d  a t  G°C, th e re  i s  
an in c re a s e  between th e  t h i r d  and s i x t h  day o f  s to ra g e  and a 
decrease on th e  n in t h  day o f  s to ra g e .
The means o f  th e  sco re s  g iv e n  by th e  t a s t e  p a n e l f o r  th e  appearance 
o f  p a s te u r iz e d  m i l k s  were a l l  lo w e r  than  th e  sco re s  f o r  th e  
c o r re s p o n d in g  raw m i l k s .
2 . Odour
C i) Raw m i l k
The means o f  th e  sco re s  g iv e n  by th e  t a s t e  pane l f o r  th e  odour o f  
raw m i l k  on th e  day o f  d e l i v e r y  by th e  road  ta n k e r  and a f t e r  7 ., 4 
and 7 days s to ra g e  a t  two d i f f e r e n t  te m p e ra tu re s  2°C and B°C,
a re  g iv e n  i n  T ab le  4 .3 .
No s i g n i f i c a n t  d i f f e r e n c e  was found between th e  sco re s  awarded by 
i n d i v i d u a l  members o f  th e  t a s t e  p a n e l.
There was a s i g n i f i c a n t  d i f f e r e n c e  Cat 5 p e r  c e n t  l e v e l )  between 
th e  odou r sco re s  o f  th e  raw m i l k  com paring  th e  m i l k s  on 
d e l i v e r y  w i t h  samples ta ke n  a f t e r  v a r io u s  p e r io d s  o f  s to r a g e .
The s to ra g e  o f  raw m i l k  f o r  2 , 4 and 7 days a t  6°C r e s u l t e d  i n  a
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 1 pe r ce n t  l e v e l )  i n  th e  odour
sco res  o f  th e  m i l k s .
The te m p e ra tu re  o f  s to ra g e  o f  th e  raw m i l k  was r e la t e d  to  
s i g n i f i c a n t  d i f f e r e n c e  Cat 5 p e r  ce n t l e v e l )  i n  th e  odour sco res  
o f  th e  m i l k .
The v a r i a t i o n  i n  th e  sco res  g iv e n  by th e  pane l f o r  th e  odou r o f  
the  raw m i lk s  a t  2°C and B°C i s  shown i n  F ig .  4 .4 .  The odour 
sco re s  o f  th e  raw m i lk s  s to r e d  a t  B°C f o r  2 , 4 and 7 days were 
lo w e r  tha n  th e  i n i t i a l  [day o f  d e l i v e r y )  s c o re s .  There was a 
s l i g h t  decrease  i n  th e  sco re s  g iv e n  f o r  th e  raw m i l k  s to re d  a t
62
2°C compared w i t h  th e  i n i t i a l  v a lu e s .
C i i )  P a s te u r iz e d  m i l k
The mean o f  th e  sco res  g iv e n  by th e  t a s t e  pane l f o r  th e  odour o f  
f r e s h l y  p rocessed  and r e f r i g e r a t e d  C3, B and 9 days a t  4°C) 
p a s te u r iz e d  m i l k  p roduced f ro m  th e  raw m i l k  on th e  day o f  d e l i v e r y  
by th e  road ta n k e r  and a f t e r  2 , 4 and 7 days o f  s to ra g e  a t  two 
d i f f e r e n t  te m p e ra tu re s  C2°C and 6°C) a re  p re sen te d  i n  Tab le  4 .4 .
Very h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  Cat 0.1 p e r  ce n t l e v e l )  were 
found  i n  th e  odou r sco res  awarded by th e  d i f f e r e n t  members o f  
th e  p a n e l .  No s i g n i f i c a n t  d i f f e r e n c e  was found  i n  th e  odour 
sco re s  due t o  th e  s to ra g e  o f  p a s te u r iz e d  m i l k  f o r  3, B and 9 
days a t  4°C. A s i g n i f i c a n t  d i f f e r e n c e  Cat 5 p e r  ce n t l e v e l )  was 
found  in  th e  mean sco res  o f  th e  p a s te u r iz e d  m i l k  produced from  raw 
m i l k  on d e l i v e r y  by th e  road t a n k e r  and a f t e r  s to ra g e  f o r  2 ,  4 
and 7 days.
The p a s te u r iz e d  m i l k  produced f ro m  raw m i l k  a f t e r  2 ,  4 and 7 days 
s to ra g e  showed v e ry  h ig h l y  s i g n i f i c a n t  d i f f e r e n c e s  Cat 0.1 p e r  
c e n t  l e v e l )  i n  th e  odou r s c o re s .  Very h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e s  Cat 0 .1  p e r  c e n t  l e v e l )  i n  th e  odour sco res  were 
observed between th e  p a s te u r iz e d  m i lk s  produced from  raw m i l k  
s to re d  a t  2°C and t h a t  s to r e d  a t  6°C,
A h ig h ly  s i g n i f i c a n t  e f f e c t  Cat 1 p e r  c e n t  l e v e l )  i n  th e  odour 
sco res  o f  th e  p a s te u r iz e d  m i l k s  was found  due t o  th e  i n t e r a c t i o n  
between th e  s to ra g e  t im e  and te m p e ra tu re .
The sco res  f o r  th e  odou r o f  p a s te u r iz e d  m i l k  produced from  raw 
m i l k  s to re d  a t  6*^0 were lo w e r  a f t e r  s to ra g e  f o r  2 and 4 days
compared to  th e  i n i t i a l  v a lu e s .
The v a r i a t i o n  i n  th e  sco res  g iv e n  by the  pane l f o r  th e  odour o f  
th e  p a s te u r iz e d  m i l k s  a re  shown i n  F ig s  4 .5  and 4 .6 .
The odour sco res  g iv e n  by th e  pane l f o r  th e  p a s te u r iz e d  m i l k
produced f ro m  raw m i l k  s to r e d  a t  2°C a re  le s s  than  th e  sco res
B3
TABLE 4 .3
•J*
Means o f  th e  sco re s  g iv e n  by a p an e l [5 ju d g e s )  f o r  th e  odour
o f  samples o f  raw m i l k  CRM) on d e l i v e r y  by a road  ta n k e r  and
a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and B°C
Judges Day o f
RM s to re d  a t 2°C RM s to re d  a t B°C
d e l i v e r y 2 days 4 days 7 days 2 days 4 days 7 days
1 6 .00 B. 00 6. 00 2. 00 B.OO 4.00 2 ,00
2 4. 50 5 .00 5,00 5.00 4 .00 2.00 1 .00
3 B.50 B. 00 7 .00 4 .00 B. 00 2.00 2 .00
4 7 .0 0 5.00 7 .00 5.00 5.00 7 ,00 1 .00
5 5.00 5 .00 5.00 5.00 B. 00 S. 00 3.00
Mean 5,80 5 .40 B.OO 4 .20 5.40 4.20 1.80
S ca le  o f  1 = d i s l i k e  e x t re m e ly  t o  8 = l i k e  e x tre m e ly
OF MS
Judges 4 2.8500 2.165
F V r e s t 1 12.6750 9 .627*
Judges. F V r e s t 4 1.1333 0.861
F V r e s t .  S to rage 2 17.1000 1 2 .9 8 7 **
F V r e s t .  Tem pera tu re 1 14.7000 11.1B5*
Judges. F V r e s t .  S to rage 8 1.8833 1.278
Judges. F V r e s t .  Tem peratu re 4 1.8667 1.418
F V r e s t .  S to ra g e .  Tem perature 2 3.9000 2. 962
R e s id u a l a 1.3167 2.194
T o ta l 34 3.4346 5.724
Tab le  Judges S to rage  Tem pera tu re  S to rage . Tem peratu re
REP
SED 0.574
10 
0. 513
Unequal
0.4B8
Unequal 
0. 628
* s i g n i f i c a n t  a t  5
* t  >1 »i /|
.. " 0. 1
p e r  ce n t  l e v e l
TABLE 4 .4
Means o f  s c o re s  g iv e n  by a p ane l (5 ju d g e s )  f o r  th e  odour o f  
p a s te u r iz e d  m i l k  CPM) p roduced f ro m  raw m i l k  CRM) on d e l i v e r y  
by road  ta n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C. 
The sco re s  f o r  p a s te u r iz e d  m i l k s  were g iv e n  on th e  day o f  p r o ­
c e s s in g  and a f t e r  3, B and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r
te m p e ra tu re  C4°C)
PM PD
PM fro m RM s to re d  a t  2°C PM from RM s to re d  a t  6°C
MeanStorage 2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l 5 .80 5 .0 0 5 .40 4 .6 0 4 .80 3 .60 3. 60 4 .82
3 days 4 .8 0 4 .6 0 5 .60 5.20 5.60 3 .20 2 .60 4 .55
6 days 5 .00 5 .20 5 .00 5 .20 5.40 3 .60 4. 00 4 .80
9 days 4 .7 0 5 .40 4 .8 0 5 .20 5.80 1 .6 0 3.40 4 .48
Mean 5 .07 5 .05 5 .20 5 ,05 5.40 3. 05 3 .40
OF ns VR
Judges 4 11,0531 8 .3 1 4 * * *
PM S to rage 3 1.2417 0.934
F V r e s t 1 9.075 6 ,826*
Judges.. PM S to ra g e 12 2.6323 1.980
Judges, F V r e s t 4 0.3302 0.248
PM S to ra g e .  F v r e s t 3 1.8806 1.414
F V r e s t .  S to ra g e 2 14.800 1 1 ,1 3 2 * * *
F V r e s t .  Tem pera tu re 1 39.6749 2 9 .8 4 2 * * *
Judges. PM S to ra g e .  F v r e s t 12 0,8788 0.661
Judges. F V r e s t .  S to rage 8 0.7271 0,547
PM S to ra g e .  F v r e s t .  S to ra ge 6 2 ,122 1.596
Judges. F V r e s t .  Tem peratu re 4 1.4687 1.103
PM S to ra g e .  F v r e s t .  Tem peratu re 3 0.6972 0.524
F V r e s t .  S to ra g e .  Tem peratu re 2 17.499 13 ,1 6 3 **
R e s id u a l 74 1.3295 3.128
T o ta l 139 2.4120 5.675
Tab le  Tem pera tu re  S to ra g e  PM S to ra g e . .P M_ S tg r a ge. s to ra g e
----------  L-------------- T em pera tu re  T em peratu re  S to ra ge  ---------------
REP
SED
Unequal
0 .2354
Unequal
0.315B
Unequal
0.4707
10
0.5157
40
0.2578
PD -■ p a s te u r iz e d  m i l k  p roduced from  raw m i l k  on d e l i v e r y  by road  ta n k e r
* s i g n i f i c a n t  a t  5 p e r  ce n t l e v e l
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g iv e n  f o r  th e  raw m i l k  e xce p t  where th e  p a s te u r iz e d  m i l k  was 
p roduced f ro m  raw m i l k  s to re d  f o r  7 days p r i o r  t o  p ro c e s s in g .
There was v e ry  l i t t l e  d i f f e r e n c e  i n  th e  odour sco re s  f o r  the  
p a s te u r iz e d  m i l k  p roduced fro m  raw m i l k  s to re d  a t  2°C f o r  up to  
7 days .  S to rag e  o f  th e  p a s te u r iz e d  m i lk s  a f t e r  p ro c e s s in g  f o r  
3, 6 and 9 days d id  n o t  m a t e r i a l l y  a f f e c t  th e  s c o re s .  On the  
o th e r  hand th e r e  was a b ig  decrease i n  th e  sco re s  g ive n  f o r  th e  
p a s te u r iz e d  m i l k  p roduced f ro m  raw m i l k  s to re d  a t  6°C f o r  4 and 
7 days p r i o r  t o  p a s t e u r i z a t i o n .  S to rage  o f  th e  p a s te u r iz e d  m i l k  
a f t e r  p ro c e s s in g  f o r  3, 6 and 9 days a t  4°C b ro u g h t  abou t f u r t h e r  
f a l l s  i n  grade sco re s  f o r  odou r where th e  p a s te u r iz e d  m i l k  was 
p roduced f ro m  m i l k  w h ich  had been s to re d  f o r  4 and 7 days .
3 . F la v o u r  [ t a s t e ]
C i]  Raw m i l k
The sco res  g ive n  by th e  p a n e l f o r  th e  f l a v o u r  [ t a s t e ]  o f  raw m i l k  
on th e  day o f  d e l i v e r y  by road  ta n k e r  and a f t e r  i t  had been s to re d  
f o r  2, 4 and 7 days a t  two d i f f e r e n t  te m p e ra tu re s ,  2°C and B°C, are  
g iv e n  i n  Tab le  4 .5 .
A s i g n i f i c a n t  d i f f e r e n c e  Cat 5 p e r  c e n t  l e v e l ]  was found between 
th e  ju d ge s  i n  t h e i r  s c o r in g  o f  th e  f l a v o u r  o f  th e  raw m i l k s .
A f t e r  2, 4 and 7 days s to ra g e  o f  th e  raw m i l k  a s i g n i f i c a n t  
d i f f e r e n c e  Cat 5 p e r  c e n t  l e v e l ]  was found  i n  th e  f l a v o u r  s c o re s .  
The te m p e ra tu re  o f  s to ra g e  o f  th e  raw m i l k  had a h ig h ly  s i g n i f i c a n t  
e f f e c t  Cat 1 p e r  ce n t  l e v e l ]  on th e  f l a v o u r  s c o re .
There was a decrease  i n  th e  f l a v o u r  sco re s  o f  th e  raw m i l k  wh ich  
had been s to r e d  f o r  7 days , th e  sco res  h a v in g  dropped from  th e  
f o u r t h  day o f  s to ra g e  F ig .  4 .7 .
W h ile  th e  decrease  i n  f l a v o u r  sco res  f o r  th e  raw m i l k  s to re d  a t  
2°C was s l i g h t ,  t h e r e  was a s u b s t a n t i a l  decrease  i n  th e  sco res  
f o r  the  f l a v o u r  o f  the  raw m i l k  s to re d  a t  6°C o v e r  th e  7 day p e r io d ,
C i i ]  P a s te u r iz e d  m i l k
The sco res  g iv e n  by th e  p an e l f o r  th e  f l a v o u r  C ta s te ]  o f
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p a s te u r iz e d  m i l k  p roduced f ro m  raw m i l k  on th e  day o f  d e l i v e r y  
by th e  roa d  ta n k e r  and a f t e r  th e  s to ra g e  o f  th e  raw m i l k  f o r  2,
4 and 7 days a t  2°C and 6°C, and sco res  f o r  th e  f l a v o u r  o f  th e
p a s te u r iz e d  m i l k s  on s to ra g e  a t  4°C f o r  3, 6 and 9 days a f t e r
p r o d u c t io n ,  a re  p re s e n te d  i n  Table  4 .6 .
A v e ry  h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  c e n t  l e v e l ]  i n  
th e  f l a v o u r  sco re s  was found  between th e  ju d g e s .
The s to ra g e  o f  th e  p a s te u r iz e d  m i lk s  f o r  3, 6 and 9 days a t  4°C 
had a h ig h l y  s i g n i f i c a n t  e f f e c t  Cat 1 p e r  ce n t  l e v e l ]  on th e  
f l a v o u r  s co re s  o f  th e  d i f f e r e n t  samples.
The p a s te u r iz e d  m i l k s  produced from  raw m i l k  on th e  day o f  
d e l i v e r y  and a f t e r  2 , 4 and 7 days showed a h ig h l y  s i g n i f i c a n t  
d i f f e r e n c e  Cat 1 p e r  c e n t  l e v e l ]  i n  th e  f l a v o u r  sco re s  between 
sam p les .
Very h ig h l y  s i g n i f i c a n t  d i f f e r e n c e s  Cat 0.1 p e r  ce n t  l e v e l ]  were 
found  i n  th e  f l a v o u r  sco res  f o r  th e  p a s te u r iz e d  m i lk s  produced 
f ro m  raw m i l k  s to re d  a t  2°C and 6°C.
A v e ry  h ig h l y  s i g n i f i c a n t  e f f e c t  Cat 0.1 p e r  c e n t  l e v e l ]  on th e  
f l a v o u r  s c o re s  was found  due to  th e  i n t e r a c t i o n  between th e  
s to ra g e  t im e  and te m p e ra tu re .
F ig .  4 .8  shows th e  v a r i a t i o n  in  th e  sco res  f o r  th e  p a s te u r iz e d  
m i l k  p roduced f ro m  raw m i l k  s to re d  a t  2°C f o r  2 , 4 and 7 days and 
f u r t h e r  s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days a t  4°C,
There was a decrease  i n  th e  sco res  g ive n  f o r  th e  f l a v o u r  o f  
p a s te u r iz e d  m i l k  p roduced f ro m  raw m i l k  s to re d  a t  6°C a f t e r  th e  
f o u r t h  and seven th  day.
The e f f e c t  o f  s to ra g e  o f  th e  p a s te u r iz e d  m i lk s  f o r  3, 6 and 9 days 
a t  4°C i s  shown i n  F ig .  4 .9 .  The f l a v o u r  sco re s  g iv e n  f o r  th e  
p a s te u r iz e d  m i l k  p roduced f ro m  m i l k  s to re d  a t  2°C a re  h ig h e r  than  
th e  f l a v o u r  sco re s  f o r  th e  p a s te u r iz e d  m i l k  p roduced fro m  raw m i l k  
s to re d  a t  6°C.
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TABLE 4 .5
Means o f  th e  s c o re s *  g iv e n  by a p a n e l [5 ju d g e s ]  f o r  th e  f l a v o u r
C ta s te )  o f  samples o f  raw m i l k  CRM] on d e l i v e r y  by a road  ta n k e r
and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and 6°C
Judges Day o f
RM s to r e d  a t 2°C RM s to re d  a t 6°C
d e l i v e r y 2 days 4 days 7 days 2 days 4 days 7 days
1 5 .00 6 .00 5. 00 1 .00 6 .00 3 .00 1 .00
2 3 .50 5 .00 4 . GO 5 .00 4 .0 0 1 .00 1.00
3 6. 50 6 .00 7 .00 4 .0 0 7 .00 2 .00 2 .00
4 2 .50 3 .00 2 .00 6 .00 4 .0 0 1.00 2 .00
5 4 .50 4 .0 0 5 .00 6 .00 5 .00 3.00 2 .00
Mean 4 .4 0 4 .8 0 4 .60 , 4 .40 5 .20 2.00 1 .60
S ca le  o f  1 = d i s l i k e  e x t re m e ly  t o  8 = l i k e  e x tre m e ly
OF MS VR
Judges 4 7.063 4 .2 1 6 *
F V r e s t 1 3.675 2.194
Judges. F V r e s t 4 1.071 0.639
F V r e s t . S to ra g e 2 13.300 7 .9 4 0 *
F V r e s t . Tem pera tu re 1 24.300 14.507*
Judges. F V r e s t .  S to ra g e 8 2.508 1.498
Judges. F V r e s t .  Tem pera tu re 4 0. 800 0.478
F V r e s t . S to ra g e . Tem pera tu re 2 9. 300 5 .552*
R e s id u a l 8 1.675 1.396
T o ta l 34 4.187 3.490
T ab le  Judges
REP
SED
8
0.647
S to ra g e
10
0.579
Tem pera tu re
Unequal
0 .528
S to ra g e .  Tem pera tu re
Unequal
0 .709
^ s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
*  *  I I  I I  / |  I I  I I  II
*  *  *  I I  I I  g  / |  I I  I I  II
TABLE 4 .6
Means o f  th e  sco re s  g iv e n  by a p an e l (5 ju d g e s )  f o r  th e  f l a v o u r  
C ta s te )  o f  p a s te u r iz e d  m i l k  CPM) produced from  raw m i l k  CRM) on 
d e l i v e r y  by road  ta n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  
2*^C and 6°C. The scores  f o r  p a s te u r iz e d  m i l k s  were g iv e n  on the  
day o f  p ro c e s s in g  and a f t e r  3, 6 and 9 days o f  s to ra g e  a t
r e f r i g e r a t o r  te m p e ra tu re  C4°C)
PM PD
PM fro m RM s to r e d  a t  2°C PM from RM s to re d  a t  6°C
[■............
MeanS torage 2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
6 days 
9 days
5 ,30
4 .2 0
3 .50
4 .0 0
4 .4 0
3 .00  
2 .80
5.00
4 .80  
6 .00
4 .8 0
2.80
4 .2 0
5 .00
3 .60
3 .40
4 .00  
2 .80
4 .00  
5.20
2 .80
2 .80
2 .60
1 .20
3.00 
1 .60
2 .00  
1 .60
4 .18
3 .70
3.35
3.40
Mean 4 .25 3.70 4 .6 0 4 .0 5 4 .00 2 .3 5 , 2 .05
DF_ MS VR
Judges 4 38.9444 3 3 .8 8 0 * * *
PM S to rag e 3 5.7396 4 .9 8 8 * *
F V r e s t .  PM S to rage 1 18.8021 1 6 .3 4 0 * * *
Judges. PM S torage 12 2.526 2 .195*
J udges. F V r e s t 4 1.099 0.955
PM S to ra g e .  F v r e s t 3 2.168 1.885
F V r e s t .  S to rage 2 6.408 5 .5 6 9 **
F V r e s t .  Tem peratu re 1 52.008 4 5 .1 9 8 * * *
Judges . PM S to ra g e .  F v r e s t 12 1.396 1.213
Judges. F V r e s t .  S to rage 8 2.627 2 .283*
PM S to ra g e .  F v r e s t .  S to ra g e 6 9.9416 8 .6 4 0 * * *
Judges. F V r e s t .  Tem peratu re 4 1.9458 1.691
PM S to ra g e .  F v r e s t .  Tem peratu re 3 3.0750 2 .6 7 2 * *
F V r e s t .  S to ra g e . Tem peratu re 2 19.7582 1 7 .1 7 1 * * *
R e s id u a l 74 1.1507 1.534
T o t a l 139 3. 864 5.152
Tab le  Tem peratu re
REP
SED
10
0.4797
S to ra g e .
Tem peratu re
Unequal
0.293B
PM S to ra g e. 
T em peratu re
Unequal
0.4379
PM S to ra g e . 
S to rage
10
0.4797
PM S torage
40
0.2399
* s i g n i f i c a n t  a t  5
* * »► II
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4. T o ta l  sco res  
Cl) Raw m i l k
T o ta l  sco re s  a re  th e  sum o f  th e  sco res  f o r  th e  th r e e  c h a r a c te r ­
i s t i c s : -  appearance , o d o u r ,  and f l a v o u r ,  o f  th e  m i l k .
The t o t a l  sco res  g iv e n  f o r  raw m i l k  on th e  day o f  d e l i v e r y  by th e  
road ta n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and B°C 
are  g ive n  i n  Tab le  4 .7 .
No s i g n i f i c a n t  d i f f e r e n c e  was found  between p a n e l members i n  th e  
sco re s  awarded by them f o r  m i l k s  on d e l i v e r y  o r  a f t e r  v a ry in g  
p e r io d s  o f  s to ra g e .
A s i g n i f i c a n t  d i f f e r e n c e  Cat 5 p e r  ce n t  l e v e l )  was found i n  th e  
t o t a l  sco res  due t o  s to ra g e  o f  raw m i l k  samples f o r  2 , 4 and 7 
days. The te m p e ra tu re  o f  s to ra g e  o f  th e  m i l k ,  2°C o r  6°C, a ls o  
had a s i g n i f i c a n t  e f f e c t  Cat 5 p e r  ce n t  l e v e l )  on th e  t o t a l  sco res
The r e d u c t io n  i n  th e  t o t a l  s co re s  f o r  th e  raw m i l k  s to re d  a t  B°C 
f o r  2 , 4 and 7 days can be seen i n  th e  same T a b le .
Fi-g. 4 . 1 0 - shows th e  v a r i a t i o n  i n  t h e ' t o t a l  sco res  f o r  th e  raw 
m i l k  s to re d  a t  2°C and 6°C. There was a s l i g h t  decrease a f t e r  
seven days in  th e  t o t a l  s co re s  f o r  th e  raw m i l k  s to re d  a t  2°C, 
w h i le  th e re  was a b ig  decrease  i n  th e  t o t a l  sco res  f o r  th e  raw 
m i l k  s to re d  a t  6°C.
C i i )  P a s te u r iz e d  m i l k
The t o t a l  sco re s  g iv e n  f o r  p a s te u r iz e d  m i l k  produced from  raw 
m i l k  on the  day o f  d e l i v e r y  by road ta n k e r  and a f t e r  2 , 4 and 
7 days s to ra g e  a t  2°C and B°C, and th e  t o t a l  sco res  f o r  th e  
p a s te u r iz e d  m i l k s  on p r o d u c t io n  and a f t e r  s to ra g e  a t  4°C f o r  3,
B and 9 days a re  g iv e n  i n  T a b le  4 ,8 .
There was a v e ry  h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  ce n t 
l e v e l )  between ju d g e s  i n  th e  t o t a l  sco res  g iv e n  to  th e  v a r io u s  
samples.
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TABLE 4 .7
The mean t o t a l  sco res  g iv e n  by i n d i v i d u a l  ju d g e s  o f  a pane l f o r
appearance, odour and f l a v o u r  [ t a s t e )  o f  raw m i l k  CRM) on d e l i v e r y
by road  ta n k e r  and a f t e r  s to ra g e  a t  2°C and 6°C f o r  2, 4 and 7 days
Judges Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 16.50 19.00 18.00 9.00 19.00 13.00 10.00
2 13. 50 15.00 14. 00 16.00 14.00 6. 00 6.00
3 19.00 19.00 22.00 14.00 20,00 12. 00 10.00
4 14.00 13. 00 16.00 17.00 15.00 15.00 6.00
5 15.00 15.00 17.00 17.00 17.00 IB . 00 10. 00
Mean 15.70 16.20 17.40 14.60 17.00 12.40 8.80
DF MS VR
Judges 4 21 .462 2.887
F V r e s t 1 12 .675 1.7  05
Judges, F V r e s t 4 2 .071 0.279
F V r e s t .  S to ra g e 2 61. 900 8 .327*
F V r e s t .  Tem perature 1 83. 333 11.211*
Judges. F V r e s t . S to rage 8 9 .233 1.242
Judges. F V r e s t . Tem perature 4 4 583 0.617
F V r e s t .  S to ra g e .  Tem perature 2 32 433 4. 363
R e s id u a l 8 7. 433 0.853
T o ta l 34 15. 602 1.793
T ab le  Judges
REP
SED 1.363
S to rage
10
1.219
Tem peratu re
Unequal
1 .113
S to ra g e .  Tem perature
Unequal
1 .493
^ s i g n i f i c a n t  a t  5
* * If If /J
"  "  0.1
p e r  ce n t l e v e l
TABLE 4 .6
The mean t o t a l  o f  th e  sco res  f o r  appearance, odour and f l a v o u r  [ t a s t e )  
g ive n  by a p a n e l  [5  ju d g e s )  f o r  p a s te u r iz e d  m i l k  [PM) produced from  
raw m i l k  CRM) on th e  day o f  d e l i v e r y  by road  t a n k e r  and a f t e r  s to ra g e  
a t  2 C and 6 C f o r  2, 4 and 7 days. The p a s te u r iz e d  m i l k s  were 
graded on th e  day o f  p r o d u c t io n  and a f t e r  s to ra g e  a t  4°C f o r  3, 6 and
9 days
PM
Storage PD
PM from  RM s to re d  a t  2°C PM fro m  RM s to re d  a t  6°C
Mean
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
6 days 
9 days
15.70
15.10
14.20
13 .40
12.60
11.40
14.20
15.60
14.00
17.00  
15.60
12.00
13.20 
16.00
14.20
13.20
12.60
13.60
14.40
16.00
9 .40  
10. 60 
11.00 
5 .80
10.20
8 .20
10.80
9 .4 0
12.92
13.40
13.60
12.35
Mean 14.60 ,1 3 .4 5 14.75 14.15 14.15 9 .20 9.65
DF MS VR
Judges 4 134.928 2 5 .2 7 5 * * *
PM S to ra g e 3 12.390 2. 321
F V r e s t 1 125.052 2 3 .4 2 5 * * *
Judges. PM S to ra g e 12 8 .478 1.588
Judges. F V r e s t 4 3.297 0.618
PM S to ra g e .  F v r e s t 3 11.885 2.226
F V r e s t .  S to ra g e 2 46.308 8 .6 7 4 * * *
F V r e s t .  Tem pera tu re 1 291.408 5 4 .5 8 6 * * *
Judges. PM S to ra g e .  F v r e s t 12 7.075 1.325
Judges. F V r e s t .  S to rage 8 7.756 1.453
PM S to ra g e .  F v r e s t .  S to rage 6 32.042 6. 002
Judges. F V r e s t .  Tem peratu re 4 9.637 1.805
PM S to ra g e .  F v r e s t .  Tem peratu re 3 3.631 0.680
F V r e s t .  S to ra g e .  Tem peratu re 2 112.008 2 0 .9 8 1 * * *
R e s id u a l 74 5.339 2.053
T o ta l 139 16.146 6.210
Table  Tem pera tu re
REP
SED
Unequal
0.472
S to ra g e .
Tem peratu re
Unequal
0 .633
PM S to ra g e . 
Tem perature
Unequal 
0. 943
PM S to ra g e , 
S to rage
10
1.033
PM S torage
40
0.517
^ s i g n i f i c a n t  a t  5
*  *  t f  I I  / |
* * * II ” 0 1
p e r  ce n t  l e v e l
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The t o t a l  sco res  f o r  p a s te u r iz e d  m i lk s  produced f ro m  m i lk s  on 
th e  day o f  d e l i v e r y  by road  ta n k e r  showed h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e s  Cat th e  0 .1  p e r  c e n t  l e v e l )  compared t c  th e  sco res  
awarded t o  p a s te u r iz e d  m i l k s  produced from  m i l k  s to re d  a t  2°C 
and B°C w h ich  i n  b o th  cases decreased w i th  d u r a t io n  o f  s to r a g e .
There was no s i g n i f i c a n t  a l t e r a t i o n  i n  th e  t o t a l  sco res  on 
s to ra g e  o f  p a s te u r iz e d  m i l k s  f o r  3, 6 and 9 days a t  4°C. From 
F ig .  4.11 i t  can be seen t h a t  th e re  was a s l i g h t  decrease i n  th e  
t o t a l  sco res  f o r  th e  samples o f  p a s te u r iz e d  m i l k  produced from  
raw m i l k  s to r e d  a t  2°C.
F u r th e r  s to ra g e  a t  4°C f o r  3 , 6 and 9 days le d  t o  v a r i a b l e  r e s u l t s  
In  F ig .  4 .12  i t  may be seen th e re  were decreases i n  th e  t o t a l
sco res  o f  th e  p a s te u r iz e d  m i l k s  w h ich  were p repa red  fro m  raw m i lk s  
s to re d  a t  6°C, th e  sco re s  began t o  f a l l  between the  second and the  
f o u r t h  day o f  s to r a g e .
The te a  t e s t  ~ e f f e c t  o f  m i l k  a d d i t i o n  on th e  odour and f l a v o u r  
( t a s t e ) o f  h o t  te a
Odour
The r e s u l t s  o f  th e  odo u r sco re s  f o r  te a  to  w h ich  raw m i l k  was added 
are p re se n ted  i n  T ab le  4 .9 .
A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  ce n t l e v e l )  was fo u n d  i n  
th e  odour sco res  between th e  t a s t e  p an e l members. Very h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e s  Cat 0.1 p e r  c e n t  l e v e l )  were found  i n  th e  odou r 
sco res  u s in g  raw m i lk s  s to r e d  f o r  2 , 4 and 7 days a t  2°C and B°C.
A s i g n i f i c a n t  e f f e c t  Cat 5 p e r  c e n t  l e v e l )  was found in  th e  odour 
sco res  due to  th e  e f f e c t  o f  th e  te m p e ra tu re  o f  s to ra g e  2°C o r  B°C.
The odour sco re s  f o r  te a  w i t h  m i l k  decreased on th e  a d d i t i o n  o f  m i l k  
s to re d  f o r  4 and 7 days a t  b o th  2°C and B°C and th e  decrease was 
g r e a te r  where th e  raw m i l k  samples had been s to re d  a t  B°C. The 
v a r i a t i o n s  i n  th e  odou r sco re s  a re  shown i n  F ig .  4 .1 3 .  The r e s u l t s  
o f  th e  odour sco res  f o r  te a  t o  w h ich  p a s te u r iz e d  m i l k s  produced from  
the  v a r io u s  t re a tm e n ts  o f  raw m i l k s  a re  g ive n  i n  T ab le  4 .1 0 .
B7
TABLE 4 .9
The tea  t e s t  means o f  th e  sco re s  g iv e n  by a pane l (5 ju d g e s ]  
f o r  th e  odour o f  te a  c o n ta in in g  raw m i l k  CRN] samples on th e  
d e l i v e r y  by road ta n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days
a t  2°C and 6°C.
Judges Day o f  d e l i v e r y
RM s to re d  a t 2°C RM s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 6. 00 7 .00 5.00 3. 00 B. 00 2.00 3.00
2 4 .00 5 .00 4 .0 0 1 .00 4. 00 1.00 3.00
3 2.00 5.00 2 .00 2.00 4 .0 0 1.00 1.00
4 3 .00 2 .00 1 .00 2 .00 1 .00 1.00 1.00
5 3.00 5. 00 3 .00 2 .00 4 .00 1.00 1.00
Mean 3.50 4. BO , 3 .00 2 .00 , 4 .20 1.20 1.B0
Sca le  o f  1 = d i s l i k e  e x t re m e ly  to  6 = l i k e  e x tre m e ly
DF 1 ^ VR
Judges 4 12.0625 1 2 .2 6 7 **
F V r e s t 1 3.3333 3.390
Judges. F V r e s t 4 1.1042 1.123
F V r e s t . S to rage 2 20.9333 2 1 .2 8 8 * * *
F V r e s t . Tem perature 1 5.6333 5.729*
Judges. F V r e s t .  S to ra ge a 1.5167 1.542
Judges. F V r e s t .  Tem perature 4 0.1333 0.136
F V r e s t . S to ra g e . Tem perature 2 1.7333 1.763
R e s id u a l B 0 .9833 1.093
T o ta l 34 3.7500 4.167
Tab le  Judges
REP
SED 0.496
S to rage
10
0.443
Tem peratu re  S to ra g e , Temperature
Unequal
0 ,405
Unequal
0 .543
* s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
*  *  »  H  / |  i r  u  IÏ
*  *  II  w  Q  ^  w »  If
TABLE 4 .10
The te a  t e s t  -  means o f  th e  sco re s  g iv e n  by a pane l [5 ju d g e s ]  
f o r  th e  odou r o f  te a  c o n ta in in g  p a s te u r iz e d  m i l k  [PM] produced 
from  raw m i l k  [RM] sampled on th e  d e l i v e r y  .by road  ta n k e r  and 
a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and 6°C. The sco res  
f o r  p a s te u r iz e d  m i l k s  were g iv e n  on th e  day o f  p ro c e s s in g  and 
a f t e r  3, 6 and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r s  te m p e ra tu re  C4°C]
PM
Storage PD
PM from  RM s to re d  a t  2°C PM from  RM s to re d  a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
6 days 
9 days
5..50 
4 .4 0  
3 .70  
4 .6 0
4 .80  
2 .6 0
4 .8 0  
5 .0 0
4. 00 
5 .00  
5 .40 
5 .60
4 .20
4 .8 0
4 .4 0
3.60
4 .80
3 .60  
2 .40
4 .6 0
3. 60
4 .8 0
4 .80
3 .80
3.80
3.40
3 .40
1.80
Mean 4 .55 4 .30 5 .00 , 4 .25 3 .85 4 .25 3 .10
DF VR
Judges 4 27.8687 1 8 .2 5 3 * * *
PM S to rage 3 1.6396 1.074
F V r e s t 1 5.4187 3.549
Judges. PM S to rag e 12 2.2229 1.456
Judges. F V r e s t 4 2.7521 1.803
PM S to ra g e .  F v r e s t 3 4 .0910 2.679
F V r e s t .  S to rag e 2 9.1000 4 .9 6 0 * *
F V r e s t .  Tem peratu re 1 18.4083 1 2 .0 5 7 * * *
Judges. PM S to ra g e .  F v r e s t 12 2.0701 1.356
Judges. F V r e s t .  S to rage 8 1.1833 0.775
PM S to ra g e .  F v r e s t .  S to rage 6 7.3689 4 .8 3 9 * * *
Judges. F V r e s t .  Tem peratu re 4 1.7208 1.127
PM S to ra g e .  F v r e s t .  Tem perature 3 3.0305 1.985
F V r e s t .  S to ra g e  Tem peratu re 2 1.2333 0. 808
R e s id u a l 74 1.5268 2.545
T o ta l 139 3.0104 5.017
Tab le
REP
SED
S to ra g e . 
Tem peratu re
Unequal
0 .3384
PM S to ra g e .  PM S to ra g e .
S to rage
10
0.5526
Tem perature
Unequal
0.5044
s i g n i f i c a n t  a t  5
II  I I  / |
p e r  cen t l e v e l
0.1
Fig.  4.13 The tea t e s t  -  means o f  odour scores awarded by 
a panel (5 judges) fo r  tea conta in ing raw m i lk  
(RM) sampled on the d e l i v e r y  by road tanker  and 
a f t e r  storage fo r  2, 4 and 7 days a t  2°C and 6°C
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A v e ry  h ig h l y  s i g n i f i c a n t  e f f e c t  Cat 0,1 p e r  ce n t  l e v e l ]  was found
between th e  ju d g e s  i n  th e  odour sco re s  u s in g  t h i s  te c h n iq u e .
The p a s te u r iz e d  m i l k  produced f ro m  raw m i l k  o v e r  a s to ra g e  t im e  o f  
2, 4 and 7 days had a h ig h ly  s i g n i f i c a n t  e f f e c t  Cat 1 p e r  ce n t  l e v e l ]  
on th e  o dou r sco res  when added t o  t e a .  The p a s te u r iz e d  m i l k  p roduced 
fro m  raw m i l k  s to r e d  a t  2°C and 6°C had a v e ry  h ig h l y  s i g n i f i c a n t  e f f e c t  
Cat 0.1 p e r  ce n t  l e v e l ]  on th e  odour sco res  o f  te a  t o  wh ich  th e y  were 
added.
The s to ra g e  o f  the  p a s te u r iz e d  m i l k  f o r  3 , B and 9 days a t  4°C a f t e r  
p ro c e s s in g  had no s i g n i f i c a n t  e f f e c t  on th e  odour s c o re s .  A v e ry  
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  c e n t  l e v e l ]  was found  i n  th e  
odour sco res  due to  th e  i n t e r a c t i o n  between th e  s to ra g e  o f  th e  p a s te u r iz e d  
samples f o r  3, B and 9 days and th e  s to ra g e  o f  th e  raw m i l k  f ro m  w h ich  
the  p a s te u r iz e d  m i l k s  were p roduced .
The v a r i a t i o n  i n  th e  odour sco re s  f o r  p a s te u r iz e d  m i l k  a re  p re s e n te d  
i n  F ig s .  4 .1 4  and 4 .1 5 .
F la v o u r  C ta s te ]
The r e s u l t s  f o r  th e  f l a v o u r  o f  te a  t o  w h ich  raw m i l k s  s to re d  f o r  v a r io u s  
p e r io d s  o f  t im e  a t  2°C and 6°C a re  p re s e n te d  i n  T a b le  4 .1 1 .  A h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e  Cat 1 p e r  c e n t  l e v e l ]  was fou n d  i n  th e  f l a v o u r  
sco res  due t o  th e  d i f f e r e n c e  between th e  t a s t e  pan e l members.
The s to ra g e  o f  th e  raw m i l k  f o r  2 , 4 and 7 days a t  2°C and B°C 
produced a s i g n i f i c a n t  e f f e c t  Cat 5 p e r  ce n t  l e v e l ]  on th e  f l a v o u r  
sco re s .
The te m p e ra tu re  o f  th e  s to ra g e  had no s i g n i f i c a n t  e f f e c t  on th e  f l a v o u r  
sco re s .  The v a r i a t i o n  i n  th e  f l a v o u r  sco res  f o r  raw m i l k  s to re d  a t  
2°C and B°C a re  i l l u s t r a t e d  i n  F ig ,  4 .1 6 .  There was a decrease i n  the  
f l a v o u r  sco re s  g iv e n  to  raw m i lk s  on th e  f o u r t h  and seven th  days o f  
s to ra g e  a t  b o th  te m p e ra tu re s .
The r e s u l t s  f o r  th e  f l a v o u r  sco re s  o f  te a  t o  w h ich  p a s te u r iz e d  m i l k
66
TABLE 4.11
*4*
The te a  t e s t  -  means o f  th e  sco res  g iv e n  by a pane l (5 ju d g e s )
f o r  th e  f l a v o u r  [ t a s t e )  o f  te a  c o n ta in in g  raw m i l k  (RM) sampled
on th e  d e l i v e r y  by road ta n k e r  and a f t e r  s to ra g e  f o r  1 , 4 and 7
days a t  2°C and 6°C
Judges Day o f
RM s to re d  a t 2°C RM s to re d  a t 6°C
d e l i v e r y 2 days 4 days 7 days 2 days 4 days 7 days
1 7.00 8. 00 7 .00 1.00 8 .00 1 .00 2.00
2 4 .00 5. 00 3. 00 1.00 2 .00 1 .00 1.00
3 2 ,00 3 .00 1 .00 2,00 4 .0 0 1 .00 1 .00
4 3 .00 2 .00 1 .00 2. 00 1 .00 1 .00 1 .00
5 3. DO 2 .00 1 .00 1.00 2 .00 1 .00 1.00
Mean 3 .60 4. 00 2 .60 1 .40 3 .40 , 1 .00 1.20
S ca le  o f  1 = d i s l i k e  e x tre m e ly  to  8 = l i k e  e x t re m e ly
DF MS
Judges 4 16.712 8 .6 8 2 * *
F V r e s t 1 13.333 6 .9 2 6*
Judges. F V r e s t 4 1.854 0.963
F V r e s t . S to rage 2 16.033 8 .329*
F V r e s t . Tem pera tu re 1 4 .800 2.494
Judges. F V r e s t .  S to ra g e 8 3 .242 1.684
Judges. F V r e s t .  Tem peratu re 4 1,050 0.545
F V r e s t . S to ra g e .  Tem peratu re 2 1,300 0.675
R e s id u a l 8 1,925 1.375
T o ta l 34 5 ,076 3.626
Tab le
REP
SED
Judges
8
0.694
S to rage
10
0.620
T em peratu re
Unequal
0 .566
S to ra g e .  Tem perature
Unequal
0 .760
^ s i g n i f i c a n t  a t  5
* * II II
*  *  *  I I  "  0 . 1
p e r  cen t l e v e l
TABLE 4 .1 2
The te a  t e s t  -  means o f  th e  sco res  g iv e n  by a pane l [5 ju d g e s )  
f o r  th e  f l a v o u r  C ta s te )  o f  te a  c o n ta in in g  p a s te u r iz e d  m i l k  CPM) 
produced f ro m  raw m i l k  CRM) sampled on th e  d e l i v e r y  by road 
ta n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and B°C.
The sco res  f o r  p a s te u r iz e d  m i l k s  were g iv e n  on th e  day o f  
p ro c e s s in g  and a f t e r  3, 6 and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r
te m p e ra tu re  4 C
Test PD
PM from RM s to r e d  a t  2°C PM from RM s to re d  a t  6*^ C
d a te 2 days 4 days 7 days 2 days
,
4 days 7 days
I n i t i a l . 5 .4 0 3 .80 4 .0 0 4-00 4 .40 3 .00 2 .60
3 days 4 .00 2 .40 4 .6 0 4 .6 0 3.80 4 .80 2.40
6 days 3. 70 4 .2 0 6. 00 4 .00 1.20 4 .0 0 2 .40
9 days 4 .70 4 .8 0 4 .8 0 4 .2 0 4 .2 0 3 .40 1 .40
Mean 4 .45 3 .8 0 4 .8 5 . 4 .2 0 3 .40 , 3 .80 2 .20
DF VR
Judges 4 38.4156 1 8 .7 3 7 * * *
PM S to rage 3 1.5229 0.743
F V r e s t 1 16.5021 8 ,0 4 9 * *
Judges. PM S to ra g e 12 0.9865 0.481
Judges. F V r e s t 4 4 .0594 1 .980
PM S to ra g e , F v r e s t 3 4 .4743 2.182
F V r e s t .  S to ra g e 2 13.0083 6 .3 4 5 * *
F V r e s t .  Tem pera tu re 1 39.6749 1 9 .3 5 2 * * *
Judges. PM S to ra g e .  F v r e s t 12 2.2330 1.089
Judges. F V r e s t .  S to rag e 8 1.3312 0 .  649
PM S to ra g e .  F v r e s t .  S to ra g e 6 6.0639 2 .9 5 8*
Judges. F V r e s t .  Tem pera tu re 4 1.4875 0.726
PM S to ra g e . F v r e s t .  Tem peratu re 3 6.2750 3 .0 6 1 *
F V r e s t .  S to ra g e .  Tem pera tu re 2 6.4750 3 .1 5 8*
R e s id u a l 74 2.0502 5.126
T o ta l 139 3.9222 9.806
Table  S to ra g e .  T em pera tu re  PM S to ra g e . S to rage  PM S to ra g e .  Tem peratu re
REP
SED
Unequal
0.3921
10
0.6403
Unequal
0.5846
's i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
I I  I I  I I  n  II
I I  ”  0  *1 "  ”  ”
Fig.  4 .16  The tea te s t  -  means o f  f la vo u r  ( t a s te )  
scores awarded by a panel (5 judges) fo r  
tea c onta in ing  raw m i lk  (RM) sampled on 
del ivery  by road tanker and a f t e r  storage  
fo r  2, 4 and 7 days a t  2°C and 6°C
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was added a re  g iv e n  i n  T a b le  4 .1 2 ,  These shewed a v e ry  h ig h ly
s i g n i f i c a n t  d i f f e r e n c e  Cat 0,1 p e r  c e n t  l e v e l ]  i n  th e  f l a v o u r  sco res
awarded by d i f f e r e n t  ju d g e s .
The p a s te u r iz e d  m i l k  p roduced f ro m  raw m i l k  s to re d  f o r  2, 4 and 7 
days showed a h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cat 1 p e r  ce n t l e v e l ]  
in  th e  f l a v o u r  s c o re s ,  A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat
0.1 p e r  cen t l e v e l ]  was fo u n d  i n  th e  f l a v o u r  sco res  o f  th e  p a s te u r iz e d  
m i l k  produced f ro m  raw m i l k  s to re d  a t  2°C and 6°C.
No s i g n i f i c a n t  e f f e c t  was found  i n  th e  f l a v o u r  sco res  o f  p a s te u r iz e d  
m i l k  s to re d  f o r  3, B and 9 days a t  4°C compared w i t h  th e  c o r re s p o n d in g  
p ro c e s s in g  day v a lu e .
The v a r i a t i o n  i n  th e  f l a v o u r  sco res  o f  p a s te u r iz e d  m i l k  a re g iv e n  in  
F ig s ,  4 ,17  and 4 .1 8 ,
There was a decrease i n  th e  f l a v o u r  sco res  o f  p a s te u r iz e d  m i l k  produced 
from  raw m i l k  s to re d  a t  B°C f o r  7 days . The f l a v o u r  sco res  o f  the se  
p a s te u r iz e d  m i l k s  f e l l  f u r t h e r  on s to ra g e  f o r  up t o  9 days a t  4 °C .
T o ta l  sco res
The t o t a l  sco res  f o r  odou r and f l a v o u r  C ta s te ]  o f  te a  to  w h ich  raw m i lk s  
were added are  p re s e n te d  i n  T ab le  4 ,1 3 .
A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 1 p e r  ce n t  l e v e l ]  was found  i n  th e  
t o t a l  sco res  awarded by d i f f e r e n t  t a s t e  p an e l members.
The s to ra g e  o f  th e  raw m i l k  f o r  2 , 4 and 7 days a t  2°C and B°C
r e s u l t e d  i n  a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 1 p e r  ce n t  l e v e l ]  i n
the  t o t a l  sco res  awarded. The te m p e ra tu re  o f  s to ra g e  had no
s i g n i f i c a n t  e f f e c t  on th e  t o t a l  s o c re s .
The v a r i a t i o n s  i n  th e  t o t a l  sco res  f o r  te a  w i t h  added raw m i l k  a re  
p resen ted  i n  F ig ,  4 ,1 9 .
The t o t a l  sco res  f o r  th e  odou r and f l a v o u r  o f  te a  t o  w h ich  p a s te u r iz e d  
m i l k  was added a re  p re s e n te d  i n  Tab le  4 ,1 4 .
A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cat 0.1 p e r  c e n t  l e v e l ]  was
B9
TABLE 4 .13
The te a  t e s t  -  means o f  t o t a l  sco re s  o f  odour and f l a v o u r  g ive n  
by a pa n e l [5 ju d g e s ]  f o r  te a  c o n ta in in g  raw m i l k  CRN] sampled 
on th e  d e l i v e r y  by road ta n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 
days a t  2°C and 6°C
Judges Day o f  d e l i v e r y
RN s to re d  a t 2°C RN s to re d  a t 6°C
2 days 4 days 7 days 2 days 4 days 7 days
1 13,00 ■ 15.00 12,00 4 ,0 0 16.00 3.00 5, 00
2 7 ,00 10.00 7 ,00 2 .00 6,00 2,00 4, 00
3 3 ,50 8 ,00 3 .00 4 ,0 0 8 ,00 2.00 2.00
4 6,00 4 ,00 2 ,00 4 ,0 0 2 ,00 2,00 2 ,00
5 6,00 7 ,00 4 ,0 0 3 ,00 6 ,00 2 ,00 2,00
Mean 7 ,10 , 8 .80 5 .60 , 3 ,40 , 7 ,60 2.20 3.00
DF MS
Judges 4 55.837 11 .6 73 **
F V r e s t 1 30.000 6 .272*
Judges, F V r e s t 4 5 .312 1.111
F V r e s t . S to rage 2 73.300 1 5 .3 24 **
F V r e s t . Tem perature 1 20,833 4.355
Judges, F V r e s t .  S to rage 8 8, 300 1.735
Judges, F V r e s t .  Tem perature 4 0 ,583 0.122
F V r e s t . S to ra g e . Tem perature 2 6 ,033 1.261
R e s id u a l 8 4 .7 8 3 1.167
T o ta l 34 16,503 4.025
T ab le  Judges S to ra ge  Tem peratu re  S to ra g e .  Temperature
REP
SED
8
1,094
10
0.978
Unequal 
0, 893
Unequal
1 .198
^ s i g n i f i c a n t  a t  5 p e r  cen t l e v e l
*  *  ir II >1 »  F» f t
*  *  *  IF w Q ^ w II Ir
TABLE 4 .14
The te a  t e s t  -  means o f  t o t a l  sco res  f o r  odo u r and f l a v o u r  C ta s te ]  
g iv e n  by a pane l C5 ju d g e s ]  o f  te a  c o n ta in in g  p a s te u r iz e d  m i l k  CPM] 
produced from  raw m i l k  CRM] sampled on t h e ^ d e l i v e r y  by road ta n k e r  
and a f t e r  s to ra g e  f o r  2 , 4 and 7 days a t  2°C and 6 C, The sco res  
f o r  p a s te u r iz e d  m i l k s  were g iv e n  on th e  day o f  p ro c e s s in g  and a f t e r  
3, 6 and 9 days o f  s to ra g e  a t  r e f r i g e r a t o r  te m p e ra tu re  C4°C]
PM
Storage
Day o f  
d e l i v e r y
PM from  RM s to r e d  a t  2°C PM f ro m  RM s to re d  a t  6°C
2 days 4 days 7 days 2 days 4 days 7 days
I n i t i a l  
3 days 
6 days 
9 days
10.90
8 .40
7 .40  
9. 30
8. 60
5 .00
9.00 
9 .80
8 .00
9 .60
11.40
10.40
8.20
9 .40
8 .40  
7 .80
9 .20
7 .40
3 .60
8 .80
6 .60
9.60
8 .80
7 .20
6 .40
5 .80
5 .80 
3 .20
Mean 9.00 8 .10 9.85 8.45 7 .25 8.05 5.30
DF MS
Judges 4 130.422 2 1 ,0 4 8 * * *
PM S to rage 3 5, 683 0.917
F V r e s t 1 40 ,833 6 .590*
Judges. PM S to rage 12 5.105 0,824
Judges, F V r e s t 4 10.036 1,620
PM S to ra g e . F v r e s t 3 16.406 2, 648
F V r e s t .  S to rage 2 43.808 7 .0 7 0 * *
F V r e s t .  Tem peratu re 1 112.133 1 8 ,0 9 7 * * *
Judges. PM S to ra g e .  F v r e s t 12 7.220 1.165
Judges. F V r e s t .  S to rage 8 4.121 0. 665
PM S to ra g e ,  F v r e s t .  S to rage 6 25.564 4.126
Judges. F V r e s t .  Tem peratu re 4 5 .612 0.906
PM S to ra g e .  F v r e s t .  Tem perature 3 17.622 2 .84 4*
F V r e s t .  S to ra g e , Tem peratu re 2 13,358 2.156
R e s id u a l 74 6.196 4.131
T o ta l 139 12.687 8.458
Tab le  S to ra g e . Tem peratu re  PM S to ra g e . S to ra ge  PM S to ra g e , Tem peratu re
REP Unequal 10 Unequal
SED 0.6817 1.1132 1.0162
^ s i g n i f i c a n t  a t  5
* * I» /|
p e r  ce n t l e v e l
0.1
Fig .  4 .19  The tea t e s t  means o f  to ta l  scores fo r  
odour and f la v o u r  ( t a s te )  awarded by a 
panel (5 judges) fo r  tea conta in ing  raw 
m ilk  (RM) sampled on d e l iv e r y  by road 
tanker and a f t e r  storage fo r  2, 4 and 7 
days a t  2°C and 6°C
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found  i n  th e  t o t a l  sco res  awarded by d i f f e r e n t  ju d g e s .  The p a s te u r iz e d  
m i l k  p roduced  f ro m  raw m i l k  s to re d  f o r  2, 4 and 7 days a t  B°C showed 
a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  [ a t  1 p e r  c e n t  l e v e l )  i n  th e  t o t a l  
s c o re s .  The te m p e ra tu re  o f  s to ra g e  o f  th e  raw m i l k  f ro m  w h ich  th e  
p a s te u r iz e d  m i l k  was produced had a v e ry  h ig h l y  s i g n i f i c a n t  e f f e c t  
Cat 0.1 p e r  c e n t  l e v e l )  on th e  t o t a l  s co re s .  The s to ra g e  o f  the  
p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days a f t e r  p ro c e s s in g  had no s i g n i f i c a n t  
e f f e c t  on th e  t o t a l  sco res  compared to  th e  i n i t i a l  day o f  p ro c e s s in g  
v a lu e .
The v a r i a t i o n s  i n  th e  t o t a l  sco res  f o r  p a s te u r iz e d  m i l k s  are 
i l l u s t r a t e d  i n  F ig s  4 .2 0  and 4 .2 1 .
DISCUSSION
The sco re s  f o r  th e  appearance o f  th e  raw m i lk s  showed no s i g n i f i c a n t  
a l t e r a t i o n  due t o  th e  d u r a t io n  o f  s to ra g e  o f  up t o  7 days and th e  
te m p e ra tu re  o f  th e  s to ra g e  C2°C and 6°C) had no e f f e c t  on th e  appearance 
sco res  o f  th e  same raw m i lk s  [T a b le  4 . 1 ) .  The sco re s  awarded f o r  th e  
appearance o f  th e  te a  to  w h ich  th e  m i lk s  m entioned above were added 
have been ig n o re d  because th e  samples were ke p t  i n  f r o z e n  c o n d i t io n  
and even f r e s h l y  f ro z e n  m i l k  g iv e s  an abnormal appearance t o  te a  to  
w h ich  i t  has been added. I t  was found t o  be n ecessa ry  t o  conduc t th e  
senso ry  p a n e l i n v e s t i g a t i o n  o v e r  a p e r io d  o f  t im e  because o f  th e  
la rg e  number o f  sam ples, w h ich  i f  examined a t  th e  same se ss io n  would 
have been to o  g re a t  a ta s k  f o r  th e  pane l and m ig h t  have le d  to  
in a c c u r a c ie s  i n  th e  p a n e l i s t s  judgem ent.
The means o f  th e  appearance sco res  showed t h a t  th e  t a s t e  pane l l i k e d  
the  appearance o f  th e  m i l k  'o n l y  m o d e r a te ly ' .  The d i f f e r e n c e  
between th e  sco re s  g ive n  f o r  appearance o f  th e  raw m i l k  on th e  day o f  
d e l i v e r y  and a f t e r  2 ,  4 and 7 days o f  s to ra g e  a t  2°C and B°C was le s s  
than  2 p o in t s  on th e  g ra d in g  s c a le .
No s i g n i f i c a n t  e f f e c t  was found  in  th e  appearance sco re s  o f  p a s te u r iz e d  
m i lk s  w h ich  were produced fro m  th e  raw m i lk s  m en tioned  above d u r in g  
th e  s to ra g e  t im e  up to  7 days w h i le  th e  te m p e ra tu re  o f  s to ra g e  [2°C 
and 6°C) had h ig h l y  s i g n i f i c a n t  e f f e c t  on th e  appearance sco res  o f
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th e  c o r re s p o n d in g  p a s te u r iz e d  m i l k s .
The r e s u l t s  awarded by th e  d e p a r tm e n ta l  t a s t e  pane l f o r  th e  appearance 
sco res  o f  p a s te u r iz e d  m i l k s  a re  i n  d isagreem ent w i t h  those  o f  
Schonborn C1975) who re p o r te d  t h a t  th e re  was no d i f f e r e n c e s  in
the  appearance o f  p a s te u r iz e d  m i l k  one day a f t e r  d e l i v e r y  and no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  th e  appearance o f  th e  m i lk s  
when examined f i v e  and e ig h t  days a f t e r  d e l i v e r y .  On th e  s tu d ie s  
under d is c u s s io n  th e  s to ra g e  o f  p a s te u r iz e d  m i lk s  f o r  3, B and 9 days 
a f t e r  p ro c e s s in g  r e s u l t e d  i n  a h ig h ly  s i g n i f i c a n t  e f f e c t  Cp < 0 .0 0 1 ) 
on th e  appearance sco re s  compared to  th e  I n i t i a l  va lu e  bu t here  aga in  
th e  e f f e c t  may have been caused by th e  f r e e z in g  and th a w in g  p ro c e d u re .
The s to ra g e  o f  raw m i l k  f o r  up to  7 days a t  2°C and th e  s to ra g e  o f  th e  
c o rre s p o n d in g  p a s te u r iz e d  m i l k  f o r  up to  9 days d id  n o t  cause d e fe c ts  
in  th e  odour o f  e i t h e r  m i l k s .  As a m a t te r  o f  f a c t  th e se  raw C7 days 
a t  2^C) and p a s te u r iz e d  m i l k s  produced fro m  these  m i lk s  were g iv e n  
h ig h e r  sco res  f o r  odour th a n  th e  i n i t i a l  raw and p a s te u r iz e d .  On th e  
o th e r  hand th e  s to ra g e  o f  raw m i l k  f o r  4 and 7 days a t  6°C caused a 
decrease i n  th e  sco re s  awarded f o r  the se  raw m i lk s  and th e  c o r re s p o n d in g  
p a s te u r iz e d  m i l k s .  These v a r i a t i o n s  between d i f f e r e n t  m i l k s  can be 
e a s i l y  e x p la in e d  on e f f e c t  o f  h ig h e r  ra te s  o f  m ic r o b io lo g i c a l  and 
enzym atic  a c t i v i t y  i n  th e  m i l k  s to re d  a t  h ig h e r  te m p e ra tu re  C6°C) f o r  
lo n g e r  p e r io d s  o f  t im e  (4 and 7 days) f o r  th e  raw m i l k  and 9 days f o r  
the  p a s te u r iz e d  m i l k .
The sco res  awarded f o r  th e  raw m i lk s  were h ig h e r  than  th e  c o r re s p o n d in g  
p a s te u r iz e d  m i l k .  These r e s u l t s  m ig h t be due t o  th e  p a n e l i s t s  showing 
some d i s l i k e  f o r  th e  odou r changes b ro ug h t about by hea t t r e a tm e n ts ,  
on th e  o th e r  hand i t  was found  t h a t  the  p a s t e u r i z a t i o n  had no e f f e c t  on 
th e  odour o f  th e  m i l k  (Ne lson & T r o u t ,  1964 ).  S u r p r i s in g l y  th e  use o f  
p a s te u r iz e d  m i lk s  w h ich  earned lo w e r  sco res  compared to  th e  
co r re s p o n d in g  raw m i lk s  r e s u l t e d  i n  h ig h e r  sco res  f o r  th e  te a  to  wh ich  
the y  had been added compared t o  th e  raw m i l k s .  The a u th o r  would 
suggest f u r t h e r  s tu d ie s  c o n c e rn in g  th e  e f f e c t  o f  add ing  m i l k  t o  te a  
as a means o f  d e te rm in in g  m i l k  q u a l i t y  and d e te c t in g  m i l k  d e fe c t s .  I t  
shou ld  be born i n  mind t h a t  pe rcen tage  o f  m i l k  used i n  England and
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Wales, i n  th e  consum ption  o f  t e a ,  1980/61 i s  1390 m i l l i o n  l i t r e s  
(Kennedy, 1 982 ).  The r e s u l t s  f o r  th e  odour sco res  o f  p a s te u r iz e d  m i l k  
a re  i n  agreement w i t h  Schonborn ^  (1975) who s ta te d  t h a t  th e re  was
p r a c t i c a l l y  no d i f f e r e n c e  i n  th e  odour sco res  one and f i v e  days a f t e r  
d e l i v e r y  b u t  f u r t h e r  s to ra g e  u n t i l  e ig h t  days a f t e r  d e l i v e r y  r e s u l t e d  
i n  s i g n i f i c a n t l y  p o o re r  odour s c o re s .
There was no decrease  i n  th e  f l a v o u r  sco res  o f  raw m i l k s  s to r e d  a t  
2°C f o r  up t o  7 days and th e  p a s te u r iz e d  m i lk s  produced fro m  the se  
m i lk s  when h e ld  a t  4°C f o r  up t o  9 days. There was, however, a 
decrease i n  th e  f l a v o u r  sco re s  o f  th e  raw m i lk s  s to r e d  a t  B°C a f t e r  
the  second day o f  s to ra g e  and t h i s  p o o re r  f l a v o u r  q u a l i t y  was a ls o  
seen i n  th e  c o r re s p o n d in g  p a s te u r iz e d  m i l k s .
D u r ing  th e  s to ra g e  o f  raw and p a s te u r iz e d  m i l k  th e  f o l l o w i n g  o f f -  
f l a v o u r s  c o u ld  be d e te c te d  by th e  t a s t e  pane l members: a c id ,  m a l ty ,
f r u i t y  and v e ry  s l i g h t  b i t t e r  f l a v o u r s .  These o f f - f l a v o u r s  were 
more d i s t i n c t  i n  th e  raw m i l k  s to re d  a t  B°C th a n  a t  2°C , S to rage  
a t  r e f r i g e r a t i o n  te m p e ra tu re s  o f  th e  p a s te u r iz e d  m i l k s  a f t e r  p ro c e s s in g  
caused f u r t h e r  deve lopm ent o f  the se  o f f - f l a v o u r s  where th e  o r i g i n a l  
m i l k  had been h e ld  a t  B°C.
P a te l  & B la nke n a g e l (1971) sugges ted  t h a t  one o r  more o f  th e  f o l l o w in g  
may be th e  reasons  f o r  th e  deve lopm ent o f  f l a v o u r  d e fe c ts  i n  
p a s te u r iz e d  m i lk s
(a) end p ro d u c ts  o f  m ic r o b io l  m e tab o lism  in  th e  raw m i l k  may become 
ap p a re n t  i n  th e  p a s te u r iz e d  p ro d u c t ;
(b) c o n s t i t u e n t s  o f  la r g e  numbers o f  heat i n a c t i v a t e d  and ly s e d  
b a c t e r i a l  c e l l s  may im p a r t  o f f - f l a v o u r s  t o  th e  p a s te u r iz e d  m i l k ;
(c ) h e a t - s t a b le  m ic r o b io l  enzymes produced in  raw m i l k  may remain 
a c t i v e  a f t e r  p a s t e u r i z a t i o n  and then  cause changes i n  some 
c o n s t i t u e n t s  o f  th e  p a s te u r iz e d  m i l k  d u r in g  s to r a g e ;
(d) th e  p resence  o f  th e rm o d u r ic  p s y c h ro t ro p h s  and t h e i r  g row th  i n  
p a s te u r iz e d  m i l k  d u r in g  p ro lo n g e d  s to ra g e .
The f o l l o w in g  c a te g o r ie s  were re p o r te d  by Shipe  e t  a l .  (1978) who
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I d e n t i f i e d  th e  o f f - f l a v o u r s  i n  s p o i le d  m i l k  p ro d u c ts  as a key to  
d e te rm in in g  t h e i r  cause.
C a te g o r ie s  o f  o f f - f l a v o u r s  i n  m i l k
Cause D e s c r ip t i v e  o r  a s s o c ia t i v e  te rm s
Heated Cooked, c a ra m e l iz e d ,  sco rched
L ig h t  induced L i g h t ,  s u n l i g h t ,  a c t i v a t e d
L ip o ly s e d
M ic r o b ia l
R a n c id ,  b u t y r i c ,  b i t t e r ,  goa ty
A c id ,  b i t t e r ,  f r u i t y ,  m a l t y ,  p u t r i d ,  unc lean
O x id is e d Papery , c a rd b o a rd ,  m e t a l l i c ,  o i l y ,  f i s h y
T ra n s m it te d Feed, weedy, cowy, barny
M is c e l la n e o u s Abso rbed , a s t r i n g e n t ,  b i t t e r ,  c h a lk y ,  c h e m ica l 
f l a t ,  f o r e i g n ,  la c k s  f re s h n e s s ,  s a l t y .
Johnson [1979] s ta te d  t h a t  th e  m i c r o b i o l o g i c a l l y  induced  o f f - f l a v o u r s  
are  caused by th e  m e ta b o l ism  o f  m i l k  p r o te in s  and c a rb o h y d ra te s  by 
m ic ro -o rg a n is m s  t h a t  c o n ta m in a te  m i l k  p ro d u c ts .  These d e fe c ts  a re  
found i n  b o th  raw and p a s te u r iz e d  m i l k ,  and can n o rm a l ly  be c o n t r o l l e d  
by r i g i d  s a n i t a t i o n .  M i l k  i s  an i d e a l  g ro w th  medium f o r  b a c t e r ia ;  
co n s e q u e n t ly  a low  b a c t e r i a l  c o n ta m in a t io n  can produce d e te c ta b le  o f f -  
f l a v o u r s  i n  m i l k  i n  a v e ry  s h o r t  t im e .  In  a d d i t i o n ,  o f f - f l a v o u r s  
t h a t  d eve lop  as a r e s u l t  o f  b a c t e r i a l  g row th  i n  raw m i l k  a re  n o t  
e f f e c t i v e l y  removed by p a s t e u r i z a t i o n  o r  by vacuum heat t r e a tm e n t .
CONCLUSION
1. The r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  showed h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e s  between th e  sco re s  g iv e n  f o r  th e  q u a l i t y  o f  th e  m i l k
by d i f f e r e n t  ju d g e s .  These d i f f e r e n c e s  may be r e la t e d  t o
d i f f e r e n c e s  i n  ju d g in g  s ta n d a rd s  o f  th e  p ane l members.
2. I t  i s  conc luded  t h a t  s to ra g e  o f  th e  raw m i l k  a t  2°C f o r  up t o  
7 days d id  n o t  a f f e c t  i t s  q u a l i t y  and some o f  th e  sco res  o f  
m i l k s  s to r e d  a t  2°C were h ig h e r  th a n  on d e l i v e r y .  On th e  o th e r  
hand th e  raw m i l k  s to r e d  a t  B°C was u n s a t i s f a c t o r y  some t im e
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between th e  second day o f  s to ra g e  and th e  f o u r t h  day o f  s to ra g e  
a t  B°C.
3. The r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  showed t h a t  th e  t a s t e  pane l 
p r e fe r r e d  th e  raw m i l k  t o  th e  c o r re s p o n d in g  p a s te u r iz e d  m i l k ,
and th e y  gave h ig h e r  sco res  t o  th e  raw m i l k  than  t o  th e  p a s te u r iz e d  
m i l k ,  b u t  when th e  samples were te s te d  by a d d i t i o n  t o  te a ,  h ig h e r  
sco res  were g iv e n  t o  th e  p a s te u r iz e d  m i l k  than  t o  th e  raw m i l k .
4 . I t  i s  conc luded  from  th e  sco re s  f o r  th e  appearance , odour and 
f l a v o u r  t h a t  th e  p a s te u r iz e d  m i l k  produced f ro m  raw m i l k  on 
d e l i v e r y  by road t a n k e r  and a f t e r  s to ra g e  f o r  2 ,  4 and 7 days a t  
2°C was o f  good q u a l i t y ,  w h i le  th e  odour and f l a v o u r  o f  th e  
p a s te u r iz e d  m i l k  p roduced f ro m  raw m i l k  s to re d  a t  B°C was good 
o n ly  up to  th e  second day o f  s to ra g e  and s t a r t e d  t o  d e t e r i o r a t e
a f t e r  4 and 7 days o f  s to ra g e .
5. The r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  f o r  appearance , odour and 
f l a v o u r  o f  th e  p a s te u r iz e d  m i l k  produced f ro m  raw m i l k  s to re d  
a t  2°C f o r  up t o  7 days, and th e  samples o f  p a s te u r iz e d  m i l k  
g raded a f t e r  3, 6 and 9 days a t  4°C showed t h a t  th e  p a s te u r iz e d  
m i l k  was s t i l l  good i n  q u a l i t y .  W h ile  th e  sco re s  f o r  the  
p a s te u r iz e d  m i l k  produced f ro m  raw m i l k  s to re d  a t  B°C f o r  up to  
7 days, and th e  samples o f  p a s te u r iz e d  m i l k  graded a f t e r  3, 6 
and 9 days a t  4°C s t a r t e d  t o  d e t e r i o r a t e  a f t e r  th e  second day 
o f  s to ra g e .  T h is  in d i c a t e s  t h a t  p a s te u r iz e d  m i l k  can be 
produced f ro m  raw m i l k  s to r e d  a t  2°C f o r  up t o  7 days, w h i le  i t  
i s  n o t  p o s s ib le  t o  p roduce  good p a s te u r iz e d  m i l k  f rom  raw m i l k  
s to re d  a t  B°C f o r  more tha n  3 days.
B. The t o t a l  sco res  [appea rance , odour and f l a v o u r )  o f  th e  raw m i l k
s to re d  a t  2°C f o r  up to  7 days showed no s i g n i f i c a n t  v a r i a t i o n s ,  
w h i le  s to ra g e  o f  raw m i l k  a t  B°C more than  2 days cause 
s i g n i f i c a n t  d e t e r i o r a t i o n  i n  th e  q u a l i t y  o f  m i l k  as de te rm ined  
o r g a n o le p t i c a l l y .  The t o t a l  sco res  awarded f o r  th e  c o rre s p o n d in g  
p a s te u r iz e d  m i l k  gave th e  same r e s u l t .
7. A c id ,  m a l ty  and f r u i t y  o f f - f l a v o u r s  were found  to  be th e  most 
common d e fe c ts  d e te c te d  in  b o th  raw and p a s te u r iz e d  m i l k s .
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CHAPTER FIVE
THE EFFECT OF COLD STORAGE OF RAW AND 
PASTEURIZED MILK ON FREE SULPHYDRYL GROUPS
INTRODUCTION
There has been a g ro w in g  i n t e r e s t  i n  th e  p ro c e s s in g  o f  u l t r a - h e a t  t r e a te d  
CUHT) s t e r i l i z e d  m i l k .  Two m a jo r  d e fe c ts  a s s o c ia te d  w i t h  UHT s t e r i l i z e d  
m i l k  a re  i d e n t i f i e d  a s : -
1, cooked f l a v o u r  f o l lo w e d  by th e  deve lopm ent o f  o th e r  f l a v o u r  
d e fe c t s ;
2. d e s t a b i l i z a t i o n  o f  m i l k  p r o te in s  r e s u l t i n g  i n  th e  fo r m a t io n  
o f  d e p o s i t s  in  th e  hea t t r e a tm e n t  equ ipm en t,  t h e  fo r m a t io n  o f  
f i n e  p r e c i p i t a t e s  i n  th e  package o r  g e l a t i o n  o f  th e  m i l k  on 
s to ra g e  [A s h to n ,  1965; B u r to n ,  1968; B u r to n ,  1969).
I n s t a b i l i t y  o f  whey p r o t e in s  d u r in g  heat t re a tm e n t  a ls o  appears  t o  be 
a s s o c ia te d  w i t h  changes in  th e  s u lp h y d r y l /  d is u lp h id e .g r o u p s  o f  the se  
p r o te in s  [Townend & G y u r ic s e k ,  1974).
[ j )  The o r i g i n  o f  s u lp h y d r y l  g roups in  m i l k  p r o t e in
The s y lp h y d r y l  g ro up s  C-SH) i n  s k im - m i lk  a re  c o n f in e d  t o  t h e  whey 
p r o t e in  and among them a lm o s t  e n t i r e l y  t o  th e  g - l a c t o g l o b u l i n ,  
[H u t to n  & P a t to n ,  1952; Zweig S B lo c k ,  1953). They a re  r e la t e d  
to  th e  c h a r a c t e r i s t i c s  o f  p a s te u r iz e d  m i l k  e s p e c ia l l y  th e  cooked 
f l a v o u r  [Crowe e t  a l . ,  1948; Gould 8 Sommer, 1939; H a r la nd  8 
A shw or th ,  1945; Jackson , 1936; Josephson 8 Doan, 1939; Larson 
, 1949; Larson  & Jenness , 1950a; Larson  8 Jenness, 195Gb; 
P a t to n  8 Josephson, 1949; Townley 8 Gould, 1943a; Townley 8 
G ou ld , 1943b).
H u tto n  8 P a t to n  [1952) added whey p r o t e in  f r a c t i o n  t o  skim m i l k .  
A f t e r  heat t r e a tm e n t ,  th e  g r e a te s t  deve lopm ent o f  cooked f l a v o u r  
was i n  th e  sam ples, w h ich  b e fo re  heat t r e a tm e n t  had g iv e n  th e  
h ig h e s t  v a lu e  f o r  -SH g ro u p .
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(2 3 The e f f e c t  o f  heat t r e a tm e n t  on s u lp h y d r y l  g roups
H ea ting  skim m i l k  above a c r i t i c a l  te m p e ra tu re  a t  50 t o  BO°C 
caused an i n i t i a l  s l i g h t  r i s e  in  -SH g ro up s , f o l lo w e d  by r a p id  
f a l l .  The -SH c o n te n t  o f  d r ie d  skim m i l k  was a f f e c t e d  by bo th  
th e  te m p e ra tu re  and th e  d u r a t io n  o f  p re -h e a t in g  (Zweig & B lo c k ,  
1953).
Maximum -SH c o n te n ts  were found  i n  m i l k  heated f o r  30 min a t  
flO°C t o  100°C. On s to ra g e  a f t e r  h e a t in g  th e  SH c o n te n t  d e c l in e d ;  
t h i s  d e c l in e  was f a s t e r  i n  m i l k  exposed t o  s u n l ig h t  and was 
found t o  p a r a l l e l  th e  o x id a t i o n  o f  a s c o r b ic  a c id  (B u r to n ,  1959; 
K ie rm e ie r  & Hamed> 1962 ).
Rao 8 Gould ( I9 6 0 )  r e p o r te d  t h a t  th e  c o n c e n t r a t io n  o f  -SH groups 
f l u c t u a t e d  d u r in g  th e  s to ra g e  o f  m i l k  a t  4 .4 °C  (40°F) f o r  up t o  
48 h.
D i l l  e t  a l .  (1961) e x p la in e d  t h a t  th e  -SH c o n te n t  in c re a s e d  w i t h  
th e  s e v e r i t y  o f  t h e  hea t t r e a tm e n t  but w i t h  vacuum c o o l in g  th e  
maximum v a lu e  was o b ta in e d  w i t h . l e s s  than  th e  maximum heat t r e a t ­
ment, The -SH c o n te n t  decreased  d u r in g  s to ra g e  in  a l l  samples.
K ie rm e ie r  8 Named (1961) showed t h a t  th e  fo r m a t io n  o f  f r e e  -SH 
groups as measured by c y s te in e  c o n te n t ,  f i r s t  becomes e v id e n t  i n  
m i l k  when heated t o  abou t 75°C and in c re a s e s  r a p i d l y  w i t h  in c re a s e  
in  h e a t in g  te m p e ra tu re  u n t i l  a maximum i s  reached between 95°C and 
110°C. Beyond t h i s  i t  d e c l in e s  due t o  o x id a t io n  o f  -SH g ro u p s .
Skim m i l k  was heated f o r  e i t h e r  2 o r  150 s a t  te m p e ra tu re s  f ro m  
8 7 .7 °  to  1 4 9 ,9°C (190° t o  300°F) and th e  heat a c t i v a t e d  s u lp h y d r y l  
g roups were e s t im a te d  a m p e r o m e t r ic a l ly  and th e  v o l a t i l e  s u lp h u r  
compounds were i d e n t i f i e d .  V o l a t i l e  s u lp h u r  compounds, m a in ly  
H2 S, were fo u n d  w i t h  t h e  more severe  heat t r e a tm e n ts  t h a t  caused 
a lo s s  i n  t i t r a t a b l e  s u lp h y d r y l  g roups ( D i l l  a)^., 1962).
K ie rm e ie r  8 Named (1962) s ta te d  t h a t  th e  s u lp h y d r y l  c o n te n t  o f  
m i l k  decreased more i n  m i l k  t h a t  was heated t o  80° o r  90°C than  
in  m i l k  heated t o  85°C. The lo s s  o f  -SH g roups  was s l i g h t l y  le s s  
in  whole m i l k  th a n  i n  skim m i l k .  Loss o f  -SH g roup s  in  heated
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whole m i l k  was in f lu e n c e d  by te m p e ra tu re  o f  h e a t in g  as w e l l  as th e  
s to ra g e  te m p e ra tu re .  Losses were h ig h e r  d u r in g  s to ra g e  a t  2G°C 
tha n  a t  3°C. The lo s s  o f  -SH g roups  d u r in g  s to ra g e  o f  d r ie d  
whole m i l k  was g r e a t l y  in f lu e n c e d  by r e l a t i v e  h u m id i ty .
Yoshino e t  a l .  (19B2) found  t h a t  th e  s t e r i l i z a t i o n  o f  c o n c e n tra te d  
m i l k  decreased th e  t i t r a t a b l e  -SH and in c re a s e d  -S S -,  On the  
o th e r  hand B lankenage l & Humbert [19B3] re p o r te d  t h a t  s t e r i l e  skim 
m i l k ,  p rocessed a t  1 4 0 ,5°C (2B5°F3 and he ld  a t  room te m p e ra tu re ,  
c o n ta in e d  no -SH g roups  a f t e r  1 week o f  s to ra g e ,  and th e y  in d ic a te d  
t h a t  $ - l a c t o g lo b u l i n  w h ich  w a s . th o u g h t  t o  be th e  main source o f  
-SH. g roups  was a lm o s t  e n t i r e l y  den a tu red  a t  1 2 9 .4°C (2 65°F ) .
Demott & G ibbs C1965) foun d  t h a t  th e  a d d i t io n  o f  Ca t o  raw m i l k  
caused a r e d u c t io n  i n  th e  i n t e n s i t y  o f  cooked f l a v o u r  on h e a t in g .  
Exchanging c a t io n s  in  t h e  m i l k  f o r  c a lc iu m  by ion -exchange  was 
more e f f e c t i v e  in  re d u c in g  cooked f l a v o u r  th a n  d i r e c t  a d d i t i o n  o f  
e x t r a  c a lc iu m .  I t  was found  t h a t  th e  -SH c o n te n t  o f  th e  raw 
m i l k  and th e  e x te n t  o f  l i b e r a t i o n  o f  -SH g ro ups  by h e a t in g  v a r ie d  
s i g n i f i c a n t l y  w i t h  th e  i n d i v i d u a l i t y  o f  th e  cow,, b u t  n o t  i t s  age.
The -SH c o n te n t  was n o t a f f e c t e d  by th e  change in  fe e d in g  reg im e . 
Summer m i l k s  were more r e s i s t a n t  t h a n . w in te r  m i l k s  t o  a re d u c t io n  
i n  f r e e  -SH c o n te n t  by h e a t in g  (Thanh e ^  a l , , 19B8], Some a u th o rs  
found  t h a t  g - l a c t o g l o b u l i n  c o n ta in e d  1 -SH and 2 — SS groups p e r  
18,300 g o c - la c ta lb u m in  4 ,5 5  p e r  14,400 g and K -ca se in  1 -SS pe r 
20,000 g (Manning ck a l^ . , 1969).  R ie l  8 Thanh (1970) found t h a t  
th e  change o f  th e  feed  g iv e n  t o  cows and th e  age o f  th e  cow had no 
i n f lu e n c e  on th e  s u lp h y d r y l  g roup  excep t t h a t  f o r  th e  o ld e r  cows 
th e  s u lp h y d r y l  c o n te n t  was h ig h e r  i n  th e  w in t e r  th a n  i n  th e  summer 
m i l k .  I n  1970 i t  was fo u n d  t h a t  th e  s u s c e p t ib le  m i l k s  c o n ta in e d  
a h ig h e r  p r o p o r t io n  o f  -SH g roups  than  d id  th e  r e s i s t a n t  m i l k s  and 
th e s e  were reduced t o  a g r e a t e r  e x te n t  on h e a t in g .  The s u s c e p t ib le  
m i l k s  a ls o  had a h ig h e r  p r o p o r t io n  o f  n o n -p ro te in  N compounds.
Age o f  th e  cow d id  n o t  appear to  i n f lu e n c e  th e  m i l k  s u s c e p t i b i l i t y  
(Thanh e t  a l . ,  1970 ).
D u r in g  p a s t e u r i z a t i o n  an i n s i g n i f i c a n t  r e d u c t io n  i n  th e  q u a n t i t y  o f
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S-S groups ta k e s  p la c e  as a r e s u l t  o f  o x id a t i o n  and d e s t r u c t io n  
( S e i to v  & S e i t k a l i e v ,  1970; K lo s te rm e y e r  & Re im erdes, 197B) w h i le  
s tu d ie s  by P a t r i c k  & Swaisgood C l975) o f  s t e r i l i z e d  skim m i l k  
s to re d  a t  r e f r i g e r a t i o n  o r  room te m p e ra tu re  suggested  t h a t  th e  
" r e a c t i v e "  s u lp h y d r y l  g roups o x id iz e d  more r a p i d l y  and a ls o  t h a t  
a l a r g e r  f r a c t i o n  was o x id iz e d  d u r in g  s to ra g e  a t  room te m p e ra tu re .  
These c o n c e n t r a t io n s  o f  " r e a c t i v e " s u lp h y d r y l  g roups i n  s t e r i l i z e d  
m i l k  have been c o r r e la t e d  w i t h  u n d e s i ra b le  "cooked" f l a v o u r s  and 
p o s s ib ly  c o u ld  c o n t r i b u t e  t o  i n s t a b i l i t y  o f  m i l k  p r o t e i n  th ro u g h  
d is u lp h id e  in te r c h a n g e  r e a c t i o n s .
C o rner e t  a l .  (1978) s tu d ie d  U l t r a  H igh Tem pera tu re  (UHT) m i l k  
s to re d  a t  2 t o  3°C and 20 t o  23°C. The most in te n s e  cooked f l a v o u r  
o cc u r re d  on th e  t h i r d  day i n  UHT m i l k  s to re d  a t  20 t o  23°C wh ich  
c o in c id e d  w i t h  t h e  h ig h e s t  t o t a l  s u lp h y d r y ls  c o n te n t ,  whereas a t  
th e  lo w e r  s to ra g e  te m p e ra tu re  th e  s u lp h y d r y ls  reached t h e i r  maximum 
on th e  t h i r d  day bu t cooked f l a v o u r  was most p ronounced on th e  
e ig h th  day. S im i l a r  r e s u l t s  were o b ta in e d  f o r  d i s u lp h id e s .
B u rk i  & B lanc  (1978) n o t ic e d  t h a t  d u r in g  s to ra g e  t h e r e  were decreases 
i n  SH-groups and a ls o  i n  v o l a t i l e  S compounds. The c h a r a c t e r i s t i c  
e a r l y  f l a v o u r  o f  UHT m i l k  appeared l in k e d  t o  th e  l a t t e r .
Because t h e r e  i s  n o t  a l o t  o f  i n f o r m a t io n  abou t the . e f f e c t  o f  c o ld  
s to ra g e  o f  th e  raw  and p a s te u r iz e d  m i l k  on th e  f r e e  SH g roups  the  
f o l l o w in g  e xp e r im e n t  was u nd e r ta ke n . •
EXPERIMENTAL
1. C o l l e c t i o n  o f  m i l k s  samples
T h is  e xpe r im en t was c a r r ie d  o u t i n  two t r i a l s  w i t h  two k in s  o f  m i l k ,
( i )  raw, and ( i i )  p a s te u r iz e d .  Raw m i l k s  were ta ke n  f ro m  b u lk  m i l k  i n  
a road  t a n k e r  ( i . e .  c o n s i s t i n g  o f  a m ix tu r e  f rom  s e v e r a l  fa rm s )  f ro m  a 
com m erc ia l d a i r y  i n  West S c o t la n d .  T r i p l i c a t e  samples A1, A2 and A3 
were c o l l e c t e d  f ro m  each ta n k e r .  Samples were kep t i n  an i n s u la te d  box 
p ro v id e d  w i t h  i c e  bags and t r a n s f e r r e d  c o ld  to  th e  la b o r a t o r y .  The 
samples were ta k e n  f ro m  s ix  ta n k e rs  on two o c c a s io n s ,  one i n  F e b rua ry  
1980, and one i n  May 1980. The samples o f  p a s te u r iz e d  m i l k  were take n
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from  s i x  d i f f e r e n t  l o c a l  shops each s u p p l ie d  by a d i f f e r e n t  d a i r y .
These samples were a ls o  o b ta in e d  on two o c c a s io n s ,
2. S to ra g e  o f  th e  raw and p a s te u r iz e d  m i lk s
In  th e  f i r s t  t r i a l ,  one sample f ro m  each ta n k e r  was he ld  a t  B°C w i t h  
a g i t a t i o n ,  th e s e  were coded A1, B1, C1, 01, E1, F1. One from  each 
ta n k e r  was h e ld  a t  t h e  same te m p e ra tu re  w i th o u t  a g i t a t i o n ,  th e s e  were 
coded A2, B2, C2, 02, E2 and F2, and one from  each ta n k e r  was he ld  a t  
2°C w i t h o u t  a g i t a t i o n ,  th e s e  were coded A3, B3, C3, 03, E3 and F3.
The second t r i a l  was c a r r i e d  o u t  LSing th e  same p ro ced u re  w i t h  group one 
hav ing  a g i t a t i o n  a t  2°C o n ly ,  th e  second group be ing  h e ld  a t  2°C 
w i th o u t  a g i t a t i o n  w h i le  th e  t h i r d  g roup  was he ld  a t  B°C w i th o u t  a g i t a t i o n ,  
Throughou t t h i s  s tu d y  a MK R e c ip ro c a l  Shaker CL.H. E n g in e e r in g  Co. L t d . ,  
Stoke Poges, Bucks, Eng land) was used wh ich  i n  c o n ju n c t io n  was t im e d  to  
shake th e  samples f o r  & h e v e ry  B h. The samples o f  p a s te u r iz e d  m i l k  
were s to r e d  a t  4°C w i t h o u t  a g i t a t i o n .
3. D e te r m in a t io n  o f  f r e e  s u lp h y d r y l  g roups
Free s u lp h y d r y l  g roups  i n  th e  raw m i l k s  were d e te rm ine d  i n i t i a l l y  and 
a f t e r  2, 4 and 7 days o f  s to ra g e  a t  2°C and B°C. The samples o f  
p a s te u r iz e d  m i l k s  were a n a lyse d  a f t e r  r e t a i l  purchase  and the n  a f t e r  
3, B and 9 days o f  s to ra g e  a t  4°C. Skim m i l k s  were p re p a re d  by 
c e n t r i f u g a t i o n  o f  abou t 20 ml samples a t  1 ,000 g u s in g  a BTL Bench 
c e n t r i f u g e  and th e  F-SH were d e te rm ine d  i n  th e s e  u s ing  th e  method 
d e s c r ib e d  i n  C h a p te r  One [S e c t io n  2 .B ) .  The a n a ly s is  was mde i n  
d u p l i c a t e  on each sample.
RESULTS
1. Raw m i l k
The c o n te n ts  o f  f r e e  s u lp h y d r y l  g roups i n  samples o f  raw m i l k  a re  
p re se n te d  i n  T a b les  5.1 and 5 .2 .
The v a r i a t i o n s  i n  F-SH le v e l s  were n o t  th e  same i n  th e  two t r i a l s ,  the  
m i l k s  i n  t r i a l s  1 and 2 gave 2 .8 3 5 ,  3.251 (pm o l/g  d ry  w e ig h t )  f r e e  
s u lp h y d r y l  g roups  r e s p e c t i v e l y .  There was a s i g n i f i c a n t  d i f f e r e n c e
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TABLE 5.1
The f r e e  s u lp h y d r y l  g roups  [exp ressed  as ym o l/g  d ry  w e ig h t )
o f  th e  raw m i l k  samples f ro m  d i f f e r e n t  road ta n k e rs  d e te rm ined
on th e  day o f  d e l i v e r y
Road ta n k e r
Mean
T r i a l A B C D E F
1 2.870 2 .805 2. 876 2.690 4.076 1.786 2.851
2 2. 864 2 .843 2.822 3.274 2.637 2.974 2 .870
Mean 2.767 , 2 .823 2.849 2. 982 , 3 .357 , 2 .379
DF MS VR
T r i a l 1 0.0041 0.058
Tankers 5 0.8034 11.238 "K % $
T r i a l Tankers 5 1.5475 21.645 * **
R e s id u a l 12 0.0714 76.130
T o ta l 23 0.5485 584.110
Table Tankers T r i a l Tankers T r i a l
REP a 4 24
SED 0.1337 0.1890 0.07719
^ s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
*  *  I I  I I  / j  I I  I I  I I
: *  *  I I  I I  Q  / |  I I  II  I I
TABLE 5 .2
The f r e e  s u lp h y d r y l  g roups  [exp ressed  as y m o l/g  d ry  w e ig h t )  
o f  raw m i l k  samples f rom  d i f f e r e n t  road  ta n k e rs  de te rm ined  
a f t e r  2, 4 and 7 days o f  s to ra g e  w i th o u t  a g i t a t i o n  a t  2°C
and 6°C
Road Storage  a t  2^ "c S to rage  a t  6*
Tanker 2 days 4 days 7 days 2 days 4 days 7 days
A 3,072 2.580 2 .883 2.534 3.477 3.157
B 2.611 2. 671 3 .122 2.505 3. 085 2. 984
C 2.669 2 .927 4 .447 2 .126 2.745 3.417
D 2.389 2.412 5.667 2 .413 2.545 4 .883
E 2 .094 2.105 5.111 2.250 2.871 4.819
F 2.206 2.592 2 .729 3 .413 3.198 2.730
Mean 2.507 2, 549 3.993 2 .540 2.987 3.665
DF MS VR
T r i a l 1 6.087 13. 063
Tankers 5 1.209 2. 594
S to rage 2 23.13 49. 645
Tem peratu re 1 0 .0083 0. 178
T r i a l  Tankers 5 0.0747 1. 604
T r i a l  S to ra ge 2 0.0747 1. 549
Tanker S to rage 10 4 .544 9. 752
T r i a l  Tem peratu re 1 0 .0514 1. 104
Tanker Tem peratu re 5 0.0964 2. 138
S to ra g e  Tem peratu re 2 1.767 3. 793
T r i a l  Tanker S to rage 10 2.149 4. 612
T r i a l  Tanker Tem peratu re 5 0.0586 1. 259
T r i a l  S to ra g e  Tem perature 2 2.8000 6. 010
Tanker S to rage  Tem peratu re 10 0.0322 0. 692
R e s id u a l 10 0.0465 1926. 458
T o ta l 71 2.198 9086. 410
Tab le
REP
SED
Tem perature
72
0.1137
S to ra g e  Tem peratu re  
24 
0 .1970
Tanker S to rage  Tem peratu re  
4
0.4826
^ s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
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TABLE 5 .3
The f r e e  s u lp h y d r y l  g roups  [exp ressed  as pm o l/g  d ry  w e ig h t ]  
o f  raw m i l k  CRM] samples ta ke n  from  d i f f e r e n t  road  ta n k e rs  
de te rm ine d  on d e l i v e r y  [ i n i t i a l ]  and a f t e r  2 ,  4 and 7 days 
o f  s to ra g e  w i t h  and w i t h o u t  a g i t a t i o n  a t  2°C.
S to rage
RM
S to ra g e  a t  2°C 
w i t h o u t  a g i t a t i o n
RM
S to rage  a t  2°C 
w i t h  a g i t a t i o n
I n i t i a l 2.86G
2 days 3 .023 2.994
4 days 2.665 3.326
7 days 3.798 4 .054
Mean 3 .162 3.458
DF MS VR
Tankers 5 0.07420 2.214
S torage 2 6.837 2 0 .3 9 7 * * *
A g i t a t i o n 1 1 .579 4.711
Tankers S to ra g e 10 0.03526 1.052
Tankers A g i t a t i o n 5 0.03241 0.967
S to rage  A g i t a t i o n 2 0.07228 2.157
R e s id u a l 10 0.0352 10682.773
T o ta l 35 0.08259 26323.027
Table A g i t a t i o n A g i t a t i o n  S to rage
REP 36 12
SED G.136458 G .236352
* s i g n i f i c a n t  a t  5 p e r  ce n t l e v e l
* * ir /j
* * + " 0.1 ir II
TABLE 5 ,4
The f r e e  s u lp h y d r y l  g roups  [exp re sse d  as pm o l/g  d ry  w e ig h t ]  
o f  raw m i l k  [RM] samples take n  fro m  d i f f e r e n t  road  ta n k e rs  
de te rm ined  on d e l i v e r y  [ i n i t i a l ]  and a f t e r  2 ,  4 and 7 days 
o f  s to ra g e  w i t h  and w i t h o u t  a g i t a t i o n  a t  B°C
S to rage
RM
S to ra g e  a t  6°C 
w i t h o u t  a g i t a t i o n
RM
S to rage  a t  6°C 
w i t h  a g i t a t i o n
I n i t i a l 2 .850
2 days 2.365 2.052
4 days 2.794 2.581
7 days 3.237 3.175
Mean 2 .799 2.603
DF MS VR
Tankers 5 0.7150 1.782
S to rage 2 5.9736 1 4 .8 8 7 * * *
A g i t a t i o n 1 0.68894 1.717
Tanker S to rage 10 3.7986 9 .4 6 7 * * *
Tankers A g i t a t i o n 5 0.93450 2.329
S to rage  A g i t a t i o n 2 0.09526 0.237
R e s id u a l 10 0.40125 698.570
T o ta l 35 1.80210 3137.390
Tab le
REP
SED
A g i t a t i o n  
36 
0.14931
A g i t a t i o n  S to ra ge  
12
0.25860
^ s i g n i f i c a n t  a t  5
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Fig.  5 .2  The e f f e c t  o f  cold storage  a t  2°C and 6°C o f  
raw mi lk  (RM) (w i th  and w i thout  a g i t a t i o n )  on 
the level  o f  f r e e  sulphydryl  groups (pmol/g 
dry weight)
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TABLE 5 .5
The f r e e  s u lp h y d r y l  g roups  (exp ressed  as p m o l/g  d ry  w e ig h t ]  
o f  p a s te u r iz e d  m i l k  samples f rom  d i f f e r e n t  sources taken  on 
th e  day o f  purchase [ i n i t i a l ]  and a f t e r  3, 6 and 9 days o f  
s to ra g e  a t  4 C. The f i g u r e s  re p re s e n t  th e  mean o f  B samples,
T r i a l
, S to rage
I n i t i a l 3 days B days
Ip
9 days
1 2.689 1 .840 3.741 2.761
2 3. 070 3.859 3.061 4.018
Mean 2.881 2.851 3.398 3.389
Sources T r i a l  1 T r i a l  2 Mean
P1 2.681 3.224 2.951
P2 2,698 4 .015 3.356
P3 2.599 3.594 3. 098
P4 2.565 3.966 3.266
P5 3.062 3.124 3.093
PB 2.944 3.084 3. 014
Mean 2 .757 3.501
DF MS VR
T r i a l 1 13.2766 6 0 .0 2 9 * * *
Sources 5 0.3779 1.709
S to rage 3 2.2445 1 0 .1 4 9 * * *
T r i a l  Sources 5 1.3536 6 .1 2 0 * *
T r i a l  S to rage 3 8.1058 3 6 .6 5 0 * * *
Sources S to rage 15 0,2636 1 .193
R e s id u a l . 15 0.2211 786.819
T o ta l 47 1.2821 4561.277
Tab le  S to rage  T r i a l
REP
SED
24
0.13576
4B
0.G9BDÜ
T r i a l
S to rage
12
0.19199
T r i a l
Sources
4
0.33254
Sources
IB
0.1BB27
*  *  
* * *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
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Free s y l p h y d r y l  groups as (p m o l /g  d ry  w e ig h t )
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Cat th e  1 p e r  c e n t  l e v e l )  i n  th e  f r e e  s u lp h y d r y l  g roup s  in  th e  m i l k s  
o b ta in e d  on th e  s e p a ra te  days . A v e ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  
[0 .1  p e r  c e n t  l e v e l )  was fou n d  i n  th e  le v e l  o f . f r e e  s u lp h y d r y l  g roups 
due to  th e  s to ra g e  o f  th e  m i l k .  The same le v e l  o f  s ig n i f i c a n c e  was 
found i n  th e  l e v e l  o f  F-SH due to  th e  i n t e r a c t i o n  between the  ta n k e rs  
and th e  s to ra g e .  A g i t a t i o n  had no s i g n i f i c a n t  e f f e c t  on th e  l e v e l  o f  
f r e e  s u lp h y d r y l  g roups  a t  2°C and a t  B°C [T a b le s  5 ,3  and 5 ,4  r e s p e c t i v e l y )
The v a r i a t i o n s  i n  th e  l e v e l s  o f  f r e e  s u lp h y d r y l  g roups  o f  samples o f  
raw m i l k  s to r e d  a t  two d i f f e r e n t  te m p e ra tu re s  a re  shown i n  F ig ,  5 .1 ,
The e f f e c t  o f  a g i t a t i o n  on th e  f r e e  s u lp h y d r y l  g roups i n  samples o f  raw 
m i l k  s to r e d  a t  two d i f f e r e n t  te m p e ra tu re s  a re  i l l u s t r a t e d  i n  F ig .  5 .2 ,
2. P a s te u r iz e d  m i l k
The r e s u l t s  o f  th e  f r e e  s u lp h y d r y l  g roup  d e te rm in a t io n  on samples o f  
p a s te u r iz e d  m i l k  a re  p re sen ted  i n  T ab le  5 ,5 ,  D i f fe re n c e s  between t r i a l s  
i n  th e  l e v e l s  o f  f r e e  s u lp h y d r y l  g roups  were found  i n  th e  v a r io u s  m i lk s  
on th e  day o f  s a m p lin g .  These d i f f e r e n c e s  i n  th e  l e v e l  o f  f r e e  
s u lp h y d r y l  g roups  were s t i l l  a p p a re n t  a f t e r  3, 6 and 9 days o f  s to ra g e  
a t  4°C, The l e v e l  o f  f r e e  s u lp h y d r y l  g roups  in c re a s e d  i n  th e  p a s te u r iz e d  
m i l k  d u r in g  th e  s to ra g e  t im e  a t  4°C [F ig ,  5 ,3 ) ,  T h is  d i f f e r e n c e  was 
v e ry  h ig h ly  s i g n i f i c a n t  [0 .1  p e r  c e n t  l e v e l ) ,
DISCUSSION
Very l i t t l e  i n f o r m a t io n  i s  a v a i l a b le  on the  e f f e c t  o f  c o ld  s to ra g e  on 
th e  f r e e  s u lp h y d r y l  g roups  i n  raw and p a s te u r iz e d  m i l k  and i n  v ie w  o f  the  
in c re a s in g  im p o r ta n c e  o f  c o ld  s to ra g e  on m i l k  on th e  fa rm  and in  th e  
s tages  o f  p ro c e s s in g  and d i s t r i b u t i o n  i t  was co n s id e re d  t o  be o f  va lu e  
to  examine what changes to o k  p la c e  in  th e  l e v e l  o f  f r e e  s u lp h y d r y ls .
The r e s u l t s  o f  t h i s  s tu d y  showed t h a t  th e  q u a n t i t y  o f  -SH groups i n  
raw and p a s te u r iz e d  m i l k s  v a r ie s  f ro m  ba tch  to  ba tch  o f  m i l k  even when 
o b ta in e d  from  th e  same fa rm . T h is  f i n d i n g  i s  i n  agreement w i t h  th e  
r e p o r t s  by Zweig & B lo ck  [1953) and Jenness [1 9 7 0 ) .
1, Raw m i l k  s to re d  w i th o u t  a g i t a t i o n
The s t a t i s t i c a l  a n a ly s is  o f  r e s u l t s  o f  F-SH d e te rm in a t io n  made on the
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raw m i l k  samples [T a b le  5 .1 ]  showed a s i g n i f i c a n t  d i f f e r e n c e  [ a t  0 .1  
pe r cen t l e v e l ]  between th e  f r e e  s u lp h y d r y l  g roups i n  th e  m i l k s  f rom  
d i f f e r e n t  sou rces  on th e  day o f  d e l i v e r y ,  b u t  th e  d i f f e r e n c e s  were 
no t c o n s is te n t  between t r i a l s .
A f t e r  th e  s to ra g e  o f  th e  raw m i l k  samples a t  2°C and 6°C f o r  2, 4 and 
7 days, s i g n i f i c a n t  d i f f e r e n c e s  [ a t  1 p e r  cen t l e v e l ]  were found  in  
th e  F-SH g roups  between th e  t r i a l s  [T a b le  5 ,2 ) .  The le n g th  o f  s to ra g e  
had a h ig h ly  s i g n i f i c a n t  e f f e c t  [ a t  0,1 per ce n t  l e v e l )  on th e  l e v e l  o f  
F-SH g ro up s .
The le v e l  o f  F-SH in c re a s e d  d u r in g  s to ra g e  b u t  th e  e x te n t  o f  t h i s  
in c re a s e  v a r ie d  w i t h  d i f f e r e n t  m i l k  samples.
No s i g n i f i c a n t  d i f f e r e n c e  was fou n d  due to  th e  s to ra g e  te m p e ra tu re .  
There a re  in c re a s e s  in  th e  F-SH g roups  [F ig .  5 .1 )  d u r in g  th e  s to ra g e  
t im e  o f  th e  raw m i l k  a t  2°C and 6 ° C , .
2, Raw m i l k  s to r e d  w i t h  a g i t a t i o n
There was v e ry  h ig h  s i g n i f i c a n t  d i f f e r e n c e  [ a t  0 .1  p e r  ce n t l e v e l )  i n
th e  l e v e l  o f  f r e e  s u lp h y d r y l  g roups  due to  th e  s to ra g e  o f  th e  m i l k  a t
2°C [T a b le  5 .3 ) .
There was a h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  [p < 0 .0 1 )  i n  th e  l e v e l  o f  
f r e e  s u lp h y d r y l  g roups  due to  th e  s to ra g e  t im e  o f  th e  m i l k  samples a t  
2°C w i th o u t  a g i t a t i o n ,  w h i le  th e  s ig n i f ic a n c e  was v e ry  h ig h  [p < 0 .0 0 1 )  
i n  th e  l e v e l  o f  f r e e  s u lp h y d r y l  g roups  due to  the  s to ra g e  t im e  o f  th e  
m i l k  samples a t  2°C w i t h  a g i t a t i o n .  No s i g n i f i c a n t  d i f f e r e n c e  was 
found i n  th e  mean v a lu e  f o r  th e  l e v e l  o f  f r e e  s u lp h y d r y l  g roups  between 
the  samples w i t h  and w i t h o u t  a g i t a t i o n .
There was v e ry  h ig h  s i g n i f i c a n t  d i f f e r e n c e  ( a t  0 ,1 p e r  c e n t  l e v e l )  i n
th e  l e v e l  o f  f r e e  s u lp h y d r y l  g roups  due to  the  s to ra g e  t im e  o f  th e
m i l k  samples a t  6°C (T a b le  5 ,4 ) ,  W h ile  th e re  was no s i g n i f i c a n t  
d i f f e r e n c e  due t o  th e  e f f e c t  o f  a g i t a t i o n  a t  6°C. A v e ry  h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e  [ a t  0,1 p e r  ce n t  l e v e l )  was fou n d  due t o  the  
i n t e r a c t i o n  between th e  ta n k e rs  and th e  s to ra g e  a t  6°C .
The v a r i a t i o n s  i n  th e  f r e e  s u lp h y d r y l  g roups were shown i n  F ig ,  5 ,2 .
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There was an in c re a s e  i n  th e  l e v e l  o f  f r e e  s u lp h y d r y l  g roups  in  th e  
samples s to re d  a t  2°C w i t h  a g i t a t i o n .  W h ile  th e r e  was no e f f e c t  o f  
th e  a g i t a t i o n  on samples s to r e d  a t  B°C,
3. P a s te u r iz e d  m i l k
The s t a t i s t i c a l  a n a ly s is  o f  r e s u l t s  f o r  p a s te u r iz e d  m i l k s  (T ab le  5 ,5 )  show 
t h a t  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  l e v e l  o f  f r e e  
s u lp h y d r y l  g roups  i n  m i l k s  f ro m  d i f f e r e n t  sou rces .  On th e  o th e r  hand 
th e  s to ra g e  t im e  was r e la t e d  to  v e ry  h ig h l y  s i g n i f i c a n t  d i f f e r e n c e s  
(a t  0 .1 p e r  cen t l e v e l )  i n  th e  f r e e  s u lp h y d r y l  l e v e l s .
The changes d u r in g  s to ra g e  d i f f e r e d  i n  th e  two t r i a l s .  The mean r e s u l t s
showed an in c re a s e  i n  F-SH ( F ig ,  5 .3 )  between th e  t h i r d  and s i x t h  day 
bu t i n  each t r i a l  th e  l e v e l s  f l u c t u a t e d  c o n s id e r a b ly .  The reason  f o r  
th e s e  changes i s  n o t  known.
The means o f  th e  f r e e  s u lp h y d r y l  g roups  ranged 'f rom  2-05 -  4 .0 5  p m o l/g  
d ry  w e ig h t .  T h is  was i n  agreement w i t h  most a u th o rs  { Yo sh ino  e t  a l . 
(19G2), P o fa h l  S V a k a le r i s  (19GB), Sasago _et ( 1 9 6 3 ] ,B eve r idge  e t  a l .
(1 9 7 4 )}  whose r e s u l t s  f a l l  w i t h i n  th e  range o f  1 .78  t o  5 .8  p m o l/g  d ry
weig h t .
There i s  n o t  a l o t  o f  i n f o r m a t i o n  abo u t th e  e f f e c t  o f  d i f f e r e n t  s to ra g e
te m p e ra tu re  on th e  f r e e  s u lp h y d r y l  g roups  b u t  v a r io u s  a u th o rs  suggest
t h a t  th e s e  g roups  may p a r t i c i p a t e  i n  a v a r i e t y  o f  r e a c t i o n s ,  e . g . : -
Ca) th e y  may be l o s t  by v o l a t i l i z a t i o n ,  o r
Cb) th e y  may o x id iz e  t o  d is u lp h id .e s ,  o r
(c )  th e y  may be r e b u r ie d  i n  p r o t e i n  s t r u c t u r e s
( P a t r i c k  & Swaisgood, 1975)
( d ) th e  p o s s i b i l i t y  t h a t  some d en a tu re d  3 - l a c t o g lo b u l i n  had 
r e v e r te d  t o  th e  n a t i v e  s t a t e  ( L y s te r ,  1964).
Fr-SH le v e l s  w i l l  be a f f e c t e d  by th e  ba lance  o f  the se  r e a c t i o n s .
V a r ia t i o n s  i n  th e  f r e e  s u lp h y d r y l  g roups va lu e s  found  by d i f f e r e n t  w o rke rs  
may be due to  d i f f e r e n c e s  i n  th e  s e n s i t i v i t i e s  among th e  v a r io u s  methods, 
P o fa h l  S V a k a le r is  (1 9 68 ) .
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CONCLUSION
1. I t  i s  conc luded  t h a t  t h e r e  was a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  i n  
th e  l e v e l  o f  f r e e  s u lp h y d r y l  g roups  from  d i f f e r e n t  sources  o f  th e  
raw m i l k .  The s to ra g e  t im e  a t  2°C and 6°C had a s i g n i f i c a n t  e f f e c t  
on F-SH le v e l s  ( a t  1 p e r  c e n t  l e v e l ) ,  th e  l e v e l  in c r e a s in g  w i t h  
s to ra g e  t im e .
No s i g n i f i c a n t  change was fou n d  i n  th e  f r e e  s u lp h y d r y l  g roup  due 
to  th e  t e m p e r a tu r e .o f  th e  s to ra g e  o f  th e  raw m i l k  samples from  
d i f f e r e n t  s o u rce s .
2. The s tu d y  showed t h a t  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  i n  th e  
f r e e  s u lp h y d r y l  g roups  i n  th e  samples o f  p a s te u r iz e d  m i l k  f rom  
s e v e r a l  com m erc ia l sou rces  s to r e d  f o r  3, 6 and 9 days a t  4°C, th e  
v a lu e s  in c r e a s in g  d u r in g  th e  s to ra g e  t im e .  No d i f f e r e n c e s  were 
found  between th e  s o u rces .  A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  was 
found  between th e  t r i a l s .
3. I t  i s  conc luded  t h a t  t h e r e  was a ve ry  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  
in  th e  l e v e l  o f  f r e e  s u lp h y d r y l  g roups due to  th e  s to ra g e  o f  th e  
samples o f  raw m i l k  a t  2°C and 6*^C w i t h  and w i t h o u t  a g i t a t i o n .  
A g i t a t i o n  had no e f f e c t  on th e  l e v e l  o f  f r e e  s u lp h y d r y l  g roups i n  
samples s to re d  a t  2°C and 6°C, bu t  th e re  was an in c re a s e  i n  th e  
l e v e l  o f  F-SH g roups  d u r in g  th e  s to ra g e  t im e .
4. The r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  showed a h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  i n  th e  f r e e  s u lp h y d r y l  g roups va lu e s  f ro m  d i f f e r e n t  
sources o f  raw m i l k  and i n  th e  ru n s .  These d i f f e r e n c e s  may be 
r e la t e d  to  d i f f e r e n c e s  i n  th e  m i l k  because o f  c o m p o s i t io n ,  age o f  
cow, a season v a r i a t i o n  and h a n d l in g .
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CHAPTER SIX
THE RELATIONSHIP BETWEEN THE MICROBIOLOGICAL, CHEMICAL 
AND ORGANOLEPTIC TESTS FOR RAW AND PASTEURIZED MILKS 
DURING DIFFERENT PERIODS OF STORAGE
INTRODUCTION
Randolph e t  a l .  [19653 in d i c a t e d  t h a t  th e re  were h ig h ly  s i g n i f i c a n t  
c o r r e l a t i o n s  between th e  i n i t i a l  s ta n d a rd  p la t e  coun t o f  p a s te u r iz e d  
m i l k s ,  th e  s tan d a rd  p la t e  coun t a f t e r  4, 7, 10 and 14 days s to ra g e  a t  
4 .4°C  G 5.5°C [4 0 -4 2 °F 3 ,  t h e  age o f  samples when purchased , and th e  
keeping q u a l i t y .  The c o r r e l a t i o n s  were as f o l l o w s ; -  i n i t i a l  s tan d a rd  
p la te  coun t [SPC] and age, 0 .4 3 ;  i n i t i a l  SPC and SPC a f t e r  s to ra g e ,  
0 .25 ; i n i t i a l  SPC and keep ing  q u a l i t y ,  -0 .3 B ;  SfC a f t e r  s to ra g e  and 
age on d a te  purchased, 0 .2 4 ;  and SPC a f t e r  s to ra g e  and keep ing q u a l i t y ,  
- 0 .5 5 .
M ik o la j c i k  [19793 s ta te d  t h a t  p s y c h r o t r o p h ic  m ic ro -o rg a n is m s  may have an 
i n d i r e c t  as w e l l  as a d i r e c t  e f f e c t  on th e  q u a l i t y  o f  d a i r y  p ro d u c ts .  
I n d i r e c t l y ,  p s y c h ro t ro p h s  p roduce  o f f - f l a v o u r s  and odours  d u r in g  g ro w th  
in  s to re d  r e f r i g e r a t e d  raw m i l k  w h ich  may c a r r y  o ve r  i n t o  th e  f i n i s h e d  
p ro d u c t even though  th e  o rgan ism s f a i l  t o  s u rv iv e  p a s t e u r i z a t i o n .  
D i r e c t l y ,  o rgan ism s s u r v iv in g  p a s t e u r i z a t i o n  o r  r e s u l t i n g  from  p o s t ­
p a s t e u r i z a t i o n  c o n ta m in a t io n  may m u l t i p l y  in  s u f f i c i e n t  numbers d u r in g  
m anu fac tu re  and s to ra g e  o f  d a i r y  p ro d u c ts  so as t o  reduce  th e  s h e l f  
l i f e  and th e  q u a l i t y  o f  th e  f i n i s h e d  p ro d u c t .
The purpose o f  t h i s  s tu d y  was to  f i n d  th e  r e l a t i o n  between th e  d i f f e r e n t  
m ic r o b io lo g i c a l  t e s t s  and th e  q u a l i t y  o f  th e  m i l k s ,  and between th e  
m ic r o b io lo g ic a l  t e s t s ,  th e  ch e m ic a l  t e s t s  and th e  q u a l i t y  assessment o f  
th e  m i l k s .
RESULTS
The r e l a t i o n s  between th e  p s y c h r o t r o p h ic  coun t and t o t a l  c o lo n y  c o u n t ,  
c o l i f o r m  count and t o t a l  c o lo n y  c o u n t ,  l i p o l y t i c  coun t and t o t a l  c o lo n y  
co u n t ,  p r o t e o l y t i c  coun t and t o t a l  c o lo n y  coun t f o r  raw m i l k  on d e l i v e r y  
by road ta n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C and B°C a re
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p re se n ted  in  T a b les  6 .1 ,  6 .2 ,  6 .3  and 6 .4  r e s p e c t i v e l y .  The c o r r e l a t i o n  
c o e f f i c i e n t  f o r  th e se  r e l a t i o n s  were h ig h l y  s i g n i f i c a n t  be ing  r e s p e c t i v e l y  
r  = 0 .8 756 , p < 0 .0 0 1 ; r  = 0 .9 5 21 , p < 0 .001 ; r  = 0 .9 1 0 2 , p < 0 .0 0 1 ;
r  = 0 .9 580 , p < 0 .0 0 1 .  The s ta n d a rd  cu rve s  f o r  th e se  r e l a t i o n s  a re  shown
in  F ig s  6 .1 ,  6 .2  6 .3  and 6 .4  r e s p e c t i v e l y .
The r e l a t i o n  between th e  l i p o l y t i c  co u n t  and t o t a l  c o lo n y  c o u n t ,  p r o t e o l y t i c  
coun t and t o t a l  c o lo n y  coun t f o r  p a s te u r iz e d  m i lK  p roduced from  raw m i l k  
on d e l i v e r y  by road  t a n k e r  and a f t e r  s to ra g e  f o r  2, 4 and 7 days a t  2°C 
and 6°C a re  p re s e n te d  i n  T a b le s  6 .5  and 6 .6 ,  th e  v a lu e  f o r  p a s te u r iz e d  ■ 
m i l k  be ing  g iv e n  on th e  day o f  p ro c e s s in g  and a f t e r  3, 6 and 9 days o f
s to ra g e  a t  r e f r i g e r a t o r  te m p e ra tu re  C4°C3.
The c o r r e l a t i o n  c o e f f i c i e n t  f o r  th e s e  r e l a t i o n s  were h ig h ly  s i g n i f i c a n t
r  = 0 .73 32 , p < 0 .0 0 1 ;  r  = 0 .9 4 4 4 ,  p < 0.001 r e s p e c t i v e l y .  The s tan d a rd
c u rve s  f o r  th e se  r e l a t i o n s  a re  shown i n  F ig s  6 .5  and 6 ,6 .
The r e s u l t s  o f  th e  r e l a t i o n  between th e  odour and p r o t e o l y t i c  coun t f o r  
th e  raw and th e  p a s te u r iz e d  m i l k ,  between th e  f l a v o u r  and a c id  degree 
v a lu e ,  f l a v o u r  and p r o t e o l y t i c  co un t and odour and a c id  degree v a lu e  f o r  
p a s te u r iz e d  m i l k  o n ly  a re  p re s e n te d  i n  T a b les  6 ,7 ,  6 ,1 1 ,  6 .8 ,  6 .9  and 
6 .10 r e s p e c t i v e l y .  There  was no s i g n i f i c a n t  c o r r e l a t i o n  o f  th e se  
c h a r a c t e r i s t i c s  w i t h  th e  q u a l i t y  o f  raw m i l k s .  These t a b le s  show th e  
f o l l o w in g  c o r r e l a t i o n  c o e f f i c i e n t  w h ich  were s i g n i f i c a n t ,  r  = 0 .8403 , 
p < 0 .0 5 ; r  = 5504, p < 0 .0 1 ;  r  = 5375, p < 0 .0 1 ;  r  = 0 .6277 ,
p < 0.001 and r  = 0 .4552 , p < 0 .0 5  r e s p e c t i v e l y .  The s tan d a rd  cu rves
f o r  th e se  r e l a t i o n s  a re  shown i n  F ig s  6 .7 ,  6 .8  and 6 .9 .
The c o r r e l a t i o n  c o e f f i c i e n t  found  between th e  o r g a n o le p t ic  t e s t s ,  th e  
m ic r o b io lo g i c a l  t e s t s ,  a c id  degree  v a lu e s  and f r e e  s u lp h y d r y l  g roups 
f o r  raw m i l k s ,  p a s te u r iz e d  m i l k s  and a l l  th e  m i l k s  a re  p re s e n te d  in  
T ab les  6 .1 2 ,  6 .13  and 6 .14  r e s p e c t i v e l y .
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TABLE 6.1
The re g re s s io n  a n a ly s is  o f  lo g  psy^  on log  Clog tc c ^ J
Y - in t e r c e p t  o f  lo g ^  psy 
S lope o f  lo g  to o
E s t im a te  
-3 2 .0 2 9  
17.505
Logo Psy
R eg ress ion
SE
5.980
2.215
I
-5 .3 6
7 .90
C o r r e la t io n
c o e f f i c i e n t
0 .8 7 5 6 * * *
The r e g re s s io n  e q u a t io n  i s :
Logg Pay = -3 2 .0 2 9  + 17.505 x lOg^ {Log [ t c c 3 }
A n a ly s is  o f  v a r i a n c e : -
DF SS
R eg ress ion 1 173.96
R e s id u a l 19 52.93
T o ta l 20 226.89
Change 0 -3 .4 8
% v a r ia n c e  accoun ted  f o r  75 .4
1 = Log^ o f  p s y c h r o t r o p h ic  coun t f o r  '
p e r io d s  o f s to ra g e  a t  2°C and 6°C
MS
173.965 
2 .786 
11.345 
0
2 _ Logg o f  t o t a l  c o lo n y  co u n t  f o r  th e  raw m i l k  d u r in g  d i f f e r e n t  p e r io d s  
o f  s to ra g e  a t  2°C and 6°C
' s i g n i f i c a n t  a t  0,1 p e r  c e n t  l e v e l
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TABLE 6 .2
R eg ress ion  a n a ly s is  o f  lo g ^  c o l^  on lo g ^  t c c ^
E s t im a te
Y -  i n t e r c e p t  o f  lo g ^  c o l  -6 ,0609 .
S lope o f  lo g g  t c c 1 .1442
Logg psy
R e g ress io n
SE
1.2819 
0 .0843
1
-4 .7 3
13.58
C o r r e la t io n
C o e f f i c i e n t
0 .9 5 2 1 * * *
The re g re s s io n  e q u a t io n  i s ; -  —6 ,060
Log c o l  “ e -6 .0 6 0 9  + 1 .1442  X lo g ^  ( t c c ]
A n a ly s is  o f  v a r i a n c e : -
DF SS MS
R e g re s s io n ■ 
R e s id u a l  
T o ta l  
Change
1
19
20 
—1
171.31
17.66
188.97
-171.31
171.3108 
0 .9296 
9.4487
171.3108
% v a r ia n c e  accounted  f o r  90 .2
Log^ c o l i f o r m  coun t f o r  th e  raw  m i l k  d u r in g  d i f f e r e n t  p e r io d s  
o f  s to ra g e  a t  2°C and 6°C
Logg o f  t o t a l  c o lo n y  co u n t  f o r  th e  raw m i l k  d u r in g  d i f f e r e n t  
p e r io d s  o f  s to ra g e  a t  2°C and 6°C
s i g n i f i c a n t  a t  0 .1 p e r  c e n t  l e v e l
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C o l i f o r m  coun t  ( l o g  /m l )
ro
CD
CDO
CTi
-p-o CDo
e'
CTsO
N3
NJ
CD
hO
o
o
O vnC CJN
rt
OO
■73 73  73 O
Oo-h
C L
T T
ro
- I  <
0 _  0 _  C L
QJ O) QJ
“< ' < ' <  
(/I in v>
I/)
rtO“1
Q)
IQ
fD
t/i
rt01 
Qj 
CO 
fD
I/)
rtO
ÛJ
IQ
fD
(D
•<
c r-<
OQj
C L
cr\
ro
1/) rt -H
rt O zrO rt CD
-1 Qj
QJ (flCÛ rt
fD O QJO 3
-ti Q_
O O QJ
-1 Q n
'< CL
ro
O no c
^  c 3
z s <
QJ rt fD
Q
C L - h OO -ti
-O
rt
C L n 3 -
QJ Qj fD
'C £(fl 3
3 fD
Q)
rt QJ
TT rt
roo o O
o Q 3
QJ C L cr
3 fD fD
C L rt
£
CTv < fDO fD CD
. O "I 3
■<
rt
cr 3 T
CD
OO O
Qj
CL
3 t
rt o
QJ 3
Q 3
TT
CD o~s O
c
QJ 3
3 rt
CL
ÛJ
QJ 3
- h C L
rt
CD
TABLE 6 .3
R e g ress io n  a n a ly s is  o f  lo g ^  l ip ®  on lo g ^  to o '
Logg l i p
E s t im a te
R e g re ss io n
SE C o r r e la t io nC o e f f i c i e n t
Y i n t e r c e p t  o f  lo g ^  l i p  -2 .3 7 7 0  1.B33G -1 .3 0
Slope o f  lo g ^  t c c  1 .1548 0.1205 9 .58
0 .9 1 0 2 * * *
The r e g re s s io n  e q u a t io n :
Log, -2 .3 7 7 0  + 1 ,1548 x lo g ^  t c c
A n a ly s is  o f  v a r ia n c e
DF SS MS
R eg ress ion
R e s id u a l
T o ta l
Change
1
19
20 
-1
174.48
36.11
210.59
'474.48
174.480 
1.901
10.530
174.480
% v a r ia n c e  accoun ted  f o r  81 .9
5 _ Log^ o f  l i p o l y t i c  coun t f o r  th e  raw m i l k  d u r in g  d i f f e r e n t  p e r io d  
o f  s to ra g e  a t  2°C and 6*^ C
6 _ Log^ o f  t o t a l  c o lo n y  co u n t  f o r  the  raw m i l k  d u r in g  d i f f e r e n t  
p e r io d s  o f  s to ra g e  a t  2°C and 6°C
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TABLE 6 .4
R e g ress ion  a n a ly s is  o f  lo g ^  p r o t^  on lo g ^  t c c
E s t im a te
Y -  i n t e r c e p t  o f  lo g ^  p r o t  0.9131
Slope o f  lo g g  t c c G.9B24
Logg P ro t
R eg ress ion
SE
1.0257
0.0874.
0 .89
14.57
C o r r e la t i o n
C o e f f i c i e n t
0 .9 5 8 0 * * *
The re g re s s io n  e q u a t io n  i s
Log p r o t  = 0.9131. + 0 .9824 X lo g  t c c
A n a ly s is  o f  v a r ia n c e
R e g ress ion
R e s id u a l
T o ta l
Change
DF
1
19
20 
'-'I
SS
128.28
11.31
137.59
'126.28
MS
128.2795 
0.5951 
6.8794
126.2795
% v a r ia n c e  accoun ted  f o r  9 1 .3
7 _ Log^ o f  p r o t e o l y t i c  c o u n t  f o r  th e  raw m i l k  d u r in g  d i f f e r e n t  p e r io d s  
o f  s to ra g e  a t  2°C and 8°C
Logg o f  t o t a l  c o lo n y  co u n t  f o r  th e  raw m i l k  d u r in g  d i f f e r e n t  
p e r io d s  o f  s to ra g e  a t  2°C and 8°C
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TABLE 6 .5
R e g ress ion  a n a ly s is  o f  lo g ^  l i p  on lo g ^  t c c 1 0
Logg l i p
E s t im a te
R eg ress ion
SE I C o r r e la t io nC o e f f i c i e n t
Y  -  i n t e r c e p t  o f  lo g ^  l i p  -2 .6 0 8 6
S lope  o f  lo g g  t c c 1.1212
0.8749
0.0764
-2 .9 8
14.67
0 .7 3 3 2 * * *
The re g re s s io n  e q u a t io n  is .
Log l i p  = -2 .6 0 8 6  + 1 .1212 x lo g  t c c
A n a ly s is  o f  v a r ia n c e
R eg ress ion
R e s id u a l
T o ta l
Change
1
82
83
-1
322.1
122.7
444.7
322.1
MS
322.062 
1 .496 
5 .358
322.062
% v a r ia n c e  accounted  f o r  72.1
9 _ Logg o f  l i p o l y t i c  co un t f o r  th e  p a s te u r iz e d  m i l k  produced from  raw 
m i l k  on d e l i v e r y  and a f t e r  d i f f e r e n t  p e r io d s  o f  s to ra g e  a t  2°C and 6°C 
and a f t e r  f u r t h e r  s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 
days a t  4°C
1 o_ Logg o f  t o t a l  c o lo n y  c o u n t  f o r  th e  p a s te u r iz e d  m i l k  produced from  raw 
m i l k  d u r in g  d i f f e r e n t  p e r io d s  o f  s to ra g e  a t  2°C and 6°C and a f t e r  
f u r t h e r  s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days a t  4°C
‘s i g n i f i c a n t  a t  0.1 p e r  c e n t  l e v e l
L i p o l y t i c  count  ( l o g ^ / m l )
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TABLE 6 .6
R e g re ss io n  a n a ly s is  o f  lo g ^  p ro t^ ^  on lo g ^  t c c 1  2
Logg P ro t
E s t im a te
R eg ress ion
SE I C o r r e la t io nC o e f f i c i e n t
Y -  i n t e r c e p t  o f  lo g ^  p r o t  -0 .2 9 3 2
Slope o f  lo g g  t c c 0.9610
0.8355
0.0729.
-0 .3 5
13.44
0 .9 4 4 4 * * *
The re g re s s io n  e q u a t io n  i s
Logg p r o t '0 .2932  + 0 .9610 X lo g  t c ce
A n a ly s is  o f  v a r ia n c e
DF SS MS
R egress ion
R e s id u a l
T o ta l
Change
1
82
63
-1
246.6
111.9
358.5
-246.6
246.594 
1 .364 
4 .319
246.594
% v a r ia n c e  accoun ted  f o r  68 .4
11- Logg o f  p r o t e o l y t i c  co un t f o r  th e  p a s te u r iz e d  m i l k  produced from  
raw m i l k  on d e l i v e r y  and a f t e r  d i f f e r e n t  p e r io d s  o f  s to ra g e  a t  
2°C and 6°C and a f t e r  f u r t h e r  s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  
3, 6 and 9 days a t  4°C
1 2 . Log^ o f  t o t a l  c o lo n y  coun t f o r  th e  p a s te u r iz e d  m i l k  produced from  raw 
m i l k  d u r in g  d i f f e r e n t  p e r io d s  o f  s to ra g e  a t  2°C and 6°C and a f t e r  
f u r t h e r  s to ra g e  o f  th e  p a s te u r iz e d  m i l k  f o r  3, 6 and 9 days a t  4°C
' s i g n i f i c a n t  a t  0.1 p e r  c e n t  l e v e l
P r o t e o l y t i c  count ( logg/ml)
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TABLE 6 .7
R eg ress ion  a n a ly s is  o f  odour sco res^^  on lo g ^  p r o t 1 4
□dour Scores
R eg ress ion
E s t im a te SE C o r r e la t io nC o e f f i c i e n t
Y -  i n t e r c e p t  o f  odour
sco res  12.1526 2.1789 5 .58
S lope o f  logg  p r o t  -0 .4 7 7 0  0,1376 -3 .4 7
-□ .8 4 0 3 *
The re g re s s io n  e q u a t io n  i s
□dour Scores = 12.1528 + ( -0 .4 7 7 0  ) x lo g ^  p ro t
A n a ly s is  o f  v a r ia n c e
DF SS MS
R eg ress ion
R e s id u a l
T o ta l
Change
9.031
3.758
12.789
-2 .3 8 4
9.0308
0.7516
2.1314
0
% v a r ia n c e  accounted f o r  64 .7
1 3 _
1 4
= The odour sco res  o f  raw m i l k  on d e l i v e r y  and a f t e r  d i f f e r e n t
p e r io d s  o f  s to ra g e  a t  2°C and 6°C and th e  p a s te u r iz e d  m i l k  p roduced 
fro m  th e s e  raw m i l k s  and p a s te u r iz e d  m i l k  a f t e r  s to ra g e  f o r  3. 6 
and 9 days
=. Logg o f  p r o t e o l y t i c  c o u n t  o f  raw m i l k  d u r in g  d i f f e r e n t  p e r io d s  o f  
s to ra g e  a t  2°C and 6°C and th e  p a s te u r iz e d  m i l k  produced from  th e s e  
raw m i l k  and p a s te u r iz e d  m i l k  a f t e r  s to ra g e  f o r  3, 5 and 9 days
s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
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TABLE 6 .6
R e g ress ion  a n a ly s is  o f  f l a v o u r ^ ^  sco res  on ADV, 1 6
F la v o u r  sco res
Y -  i n t e r c e p t  o f  f l a v o u r  
s c o re s
S lope o f  ADV
E s t im a te
8.36306 
-0,00266
R eg ress ion
SE
1.46769 
0.00082
5 .62
-3.25
C o r r e la t io n
C o e f f i c i e n t
“ 0 .5 3 7 5 * *
The re g r e s s io n  e q u a t io n  i s
F la v o u r  s co re s  = 8 .36306 + [ -0 .0 0 2 6 8  ] x ADV
A n a ly s is  o f  v a r ia n c e
R eg ress ion
R e s id u a l
T o ta l
Change
OF
1
26
27
- i
SS
11.74
26.90
40.64
-11.74
MS
11.740 
1.111  
1 .505
11.740
% v a r ia n c e  accoun ted  f o r  2 6 .2
15 _
1 6
= The f l a v o u r  sco re s  o f  p a s te u r iz e d  m i l k  p roduced from  raw m i l k  on 
d e l i v e r y  by road ta n k e r  and a f t e r  s to ra g e  a t  2°C and 6°C f o r  2, 4 
and 7 days. The sco re s  f o r  p a s te u r iz e d  m i l k s  were g iv e n  on the  
day o f  p ro c e s s in g  and a f t e r  3, 6 and 9 days o f  s to ra g e  a t  
r e f r i g e r a t o r  te m p e ra tu re  [4°C ]
The a c id  degree v a lu e  o f  th e  co r re s p o n d in g  m i l k s  r e f e r r e d  to  above,
' s i g n i f i c a n t  a t  1 p e r  ce n t l e v e l
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TABLE 6 .9
R e g re ss io n  a n a ly s is  o f  f l a v o u r ^ ^  on lo g ^  p r o t 1  8
F la v o u r  sco res
E s t im a te
R e g re s s io n
SE C o r r e la t io nC o e f f i c i e n t
Y -  i n t e r c e p t  o f  f l a v o u r
sco res  14.4772
Slope o f  lo g g  p r o t -1 .0091
2 .6589
0.2454
5 .44
-4 .11
•0 .6 27 7 ***
The re g re s s io n  e q u a t io n  i s
F la v o u r  sco res  = 14.4772 + ( -1 .0 0 9 1 )  x lo g ^  p r o t
A n a ly s is  o f  v a r ia n c e
DF SS MS
R e g ress ion
R e s id u a l
T o ta l
Change
1
26
27
0
16.01
24 .63
40 .64  
-4 .2 7
16., 0105
0.9472
1. 5051 
0
% v a r ia n c e  accoun ted  f o r  37.1
1 7 = The f l a v o u r  sco re s  o f  p a s te u r iz e d  m i l k  produced f ro m  raw m i l k  on 
d e l i v e r y  by road ta n k e r  and a f t e r  s to ra g e  a t  2°C and 6°C f o r  2, 4 
and 7 days. The sco res  f o r  p a s te u r iz e d  m i l k s  were g iv e n  on th e  
day o f  p ro c e s s in g  and a f t e r  3, 6 and 9 days o f  s to ra g e  a t  
r e f r i g e r a t o r  te m p e ra tu re  C4°C)
= Log^ o f  p r o t e o l y t i c  c o u n t  o f  th e  c o r re s p o n d in g  m i l k s  r e f e r r e d  to
above.
' s i g n i f i c a n t  a t  0.1 p e r  ce n t  l e v e l
F la v o u r  sco res
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TABLE 6 .10
R e g ress ion  a n a ly s is  o f  odou r sco re s^^  on ADVf2 0
Odour sco re s
Y in t e r c e p t  o f  odour 
sco re s
Slope o f  ADV
E s t im a te
7.93902
‘0 .00186
R eg ress ion
SE J
1.29099 6 .15
0.000716 -2 .61
C o r r e la t io n
C o e f f i c i e n t
-0 .4 5 5 2 *
The r e g re s s io n  e q u a t io n  i s
Odour sco re s  = 7 .93902 + [ -0 .0 0 1 8 6  ■) x a c id  degree v a lu e
A n a ly s is  o f  v a r ia n c e
R eg ress ion
R e s id u a l
T o ta l
Change
DF
1
26
27
-1
SS
5.69
21.76
27.45
—5,69
MS
5.6888 
0.8370 
1.0167
5.6888
% v a r ia n c e  accoun ted  f o r  17 .7
= The odour sco res  o f  p a s te u r iz e d  m i l k  p roduced from  raw m i l k  on 
d e l i v e r y  by road ta n k e r  and a f t e r  .s to ra g e  a t  2°C and 6°C f o r  2 ,  
4 and 7 days. The s co re s  f o r  p a s te u r iz e d  m i l k s  were g iv e n  on 
th e  day o f  p ro c e s s in g  and a f t e r  3, 6 and 9 days o f  s to ra g e  a t  
r e f r i g e r a t o r  te m p e ra tu re  C4°C)
2 0  _= The a c id  degree v a lu e  o f  th e  c o r re s p o n d in g  m i l k s  r e f e r r e d  to  above.
* s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
TABLE 6,11
R e g re s s io n  a n a ly s is  o f  odour sco res^^  on lo g ^  p r o t 22
E s t im a te
Odour sco re s
R e g ress ion
SE C o r r e la t io nC o e f f i c i e n t
Y -  i n t e r c e p t  o f  odour
s c o re s  12.46340 2.34371 5 .32
S lope o f  lo g g  p r o t  -0 .72 7 23  0 .21633 -3 .3 6
-0 .5 5 0 4 **
The re g r e s s io n  e q u a t io n  i s
Odour sc o re s  = 12.46340 x [ -0 .7 2 7 2 3 ]  x lo g ^  p r o t e o l y t i c  coun t
A n a ly s is  o f  v a r ia n c e
DF SS MS
R e g ress ion
R e s id u a l
T o ta l
Change
1
26
27
0
8 .32
19.13
27.45
-2 .6 3
8.3161
0.7359
1.0167
0
% v a r ia n c e  accoun ted  f o r  27 .6
2  1 = The odou r s c o re s  o f  p a s te u r iz e d  m i l k  produced from  raw m i l k  on
d e l i v e r y  by road  t a n k e r  and a f t e r  s to ra g e  a t  2°C and 6°C f o r  2, 4 
and 7 days. The sc o re s  f o r  p a s te u r iz e d  m i l k s  were g iv e n  on th e  
day o f  p ro c e s s in g  and a f t e r  3, 6 and 9 days o f  s to ra g e  a t  
r e f r i g e r a t o r  te m p e ra tu re  [4°C ]
22 = Logg o f  th e  p r o t e o l y t i c  co u n t  o f  th e  c o r re s p o n d in g  m i l k  r e f e r r e d
to  above.
' s i g n i f i c a n t  a t  1 p e r  c e n t  l e v e l
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DISCUSSION
The r e s u l t s  o f  t h i s  s tu d y  showed t h a t  th e  t o t a l  c o lo n y  coun t was p o s i t i v e l y  
c o r r e la t e d  w i t h  th e  p s y c h r o t r o p h ic  c o u n t ,  c o l i f o r m  c o u n t ,  l i p o l y t i c  
c o u n t ,  p r o t e o l y t i c  c o u n t ,  th e rm o d u r ic  c o u n t ,  a c id  degree  v a lu e s  and f r e e  
s u lp h y d r y l  g ro u p s .  A l l  t h e  c o u n ts  s ta te d  above and th e  a c id  degree 
va lu e s  and f r e e  s u lp h y d r y l  g roups c o r r e la t e d  n e g a t i v e l y  w i t h  th e  sco res  
f o r  th e  appearance , o do u r ,  f l a v o u r  and t o t a l  sco res  o f  th e  raw m i l k  and 
p a s te u r iz e d  m i l k .  T h is  means t h a t  d u r in g  th e  s to ra g e  t im e  a t  d i f f e r e n t  
te m p e ra tu re s  i t  i s  l i k e l y  t h a t  th e se  o rgan ism s may be r e s p o n s ib le  f o r  
d e t e r i o r a t i o n  o f  f l a v o u r  sco re s  and f o r  ca u s ing  f l a v o u r  d e fe c ts  and 
a f f e c t i n g  th e  k e ep in g  q u a l i t y  o f  th e  m i l k .
S to rg a rd s  [1961 ] i n  h is  s tu d y  on th e  r e l a t i o n s h i p  between q u a l i t y  o f
p ro d u c e r 's  m i l k  and m arke t m i l k  fou n d  a s i g n i f i c a n t  c o r r e l a t i o n  [ - 0 . 6 3 ]  
between th e  o c c u r re n c e  o f  c o l i f o r m s  on d e l i v e r y  f ro m  th e  d a i r y  and th e  
keep ing  q u a l i t y ,  by o r g a n o le p t i c  d e te r m in a t io n  o f  m i l k  ke p t  a f t e r
d e l i v e r y  f o r  2 days a t  5°C, and then  f o r  1 day a t  17°C.
The r e s u l t s  o f  th e  p re s e n t  s tu d y  agree  w i t h  th e  r e s u l t s  o f  P a te l  & 
B la nke n a g e l [1 9 7 2 ] ,  who found  t h a t  when raw m i l k  was h e ld  a t  7°C f o r  up 
to  f o u r  a d d i t i o n a l  days f ro m  th e  i n i t i a l  day b e fo re  p a s t e u r i z a t i o n ,  the  
b a c t e r i a l  p o p u la t i o n  in c re a s e d  s i g n i f i c a n t l y .  A l th o u g h  a t  th e  t im e  o f  
p ro c e s s in g  no o b je c t io n a b le  f l a v o u r s  were d e te c te d  i n  such m i l k ,  th e  
p a s te u r iz e d  p ro d u c t  deve loped  f l a v o u r  d e fe c ts  d u r in g  subsequent s to ra g e  
a t  7°C. S tan da rd  p la t e  co un ts  [SPC] o f  > 1 m i l l i o n  p e r  ml i n  raw 
m i l k  f r e q u e n t l y  r e s u l t e d  i n  c f f - f l a v o u r s  o f  v a r io u s  ty p e s  and when the  
SPC exceeded 10 m i l l i o n  p e r  m l,  b i t t e r n e s s  accounted  f o r  n e a r ly  a l l  o f  
th e  f l a v o u r  d e f e c t s .
The l i p o l y t i c  co un t o f  th e  p a s te u r iz e d  m i lk s  [T a b le  6 .1 3 ]  showed a 
h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  th e  odou r,  f l a v o u r  and th e  t o t a l  
sco res  o f  th e  m i l k  b e in g  r e s p e c t i v e l y _  r  *  -0 .6 8 9 6 ,  p < 0 .0 0 1 ;  
r  “  - 0 .6 5 4 5 ,  p < 0 .0 0 1 ;  r  « -0 .6 6 3 9 ,  p < 0 .0 0 1 .  T ha t means d u r in g  
the  s to ra g e  t im e  th e  l i p o l y t i c  b a c t e r ia  in c re a s e d  i n  numbers and caused 
a f l a v o u r  d e fe c t  i n  th e  p ro d u c t .  T h is  r e s u l t  i s  i n  agreement w i t h  
Deeth S F i t z - G e r a ld  [1976] who s ta te d  t h a t  many o f  th e  m ic ro -o rg a n is m s  
which  c o n ta m in a te  d a i r y  p ro d u c ts  a re  l i p o l y t i c ,  i . e . ,  th e y  produce
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l i p a s e ,  and can c o n t r i b u t e  t o  th e  development o f  r a n c id  f l a v o u r s .
The most common sourcœ o f  th e s e  l ip a s e s  a re  th e  p s y c h r o t ro p h ic  b a c t e r i a ,  
those  w h ich  grow a t  r e f r i g e r a t i o n  te m p e ra tu re s .  The numbers o f  the se  
b a c te r ia  i n  m i l k  in c re a s e  d u r in g  s to ra g e  and may produce s i g n i f i c a n t  
amounts o f  l i p a s e  a f t e r  abo u t t h r e e  days . The l ip a s e s  a re  no t 
i n a c t i v a t e d  by p a s t e u r i z a t i o n  even though  the  organ ism s w h ich  produce 
them are  d e s t ro y e d .  They can t h e r e f o r e  be c a r r ie d  th ro u g h  in  an 
a c t i v e  fo rm  i n t o  m a n u fa c tu re d  p ro d u c ts  and cause f a t  break-down d u r in g  
s to ra g e  o f  these  p ro d u c ts .
H a n k in , e_t [19773 re p o r te d  t h a t  p a s te u r iz e d  m i l k  s to re d  a t  1 .7 ,  5 .6  
and 1G.0°C remained o r g a n o l e p t i c a l l y  a c c e p ta b le  on th e  average f o r  
1 7 .5 ,  12.1 and 6 .9  days r e s p e c t i v e l y .  They found  a s i g n i f i c a n t  
c o r r e l a t i o n  between k e ep in g  q u a l i t y  a t  1Q.0°C s to ra g e  and th e  o th e r  two 
s to ra g e  te m p e ra tu re s .  When samples were a rranged  by f l a v o u r  d e fe c t ,  
c e r t a in  m ic r o b ia l  t e s t s  were s i g n i f i c a n t l y  r e la t e d  to  keep ing  q u a l i t y .
The r e s u l t s  in  T ab le  6 .13  show t h a t  th e  f r e e  s u lp h y d r y l  groups gave a 
s i g n i f i c a n t  c o r r e l a t i o n  w i t h  th e  f l a v o u r  o f  th e  p a s te u r iz e d  m i l k  
[ r  « -0 .4 0 5 8 ,  p < 0 .0 5 } .  However, th e re  was no s i g n i f i c a n t  c o r r e l a t i o n  
between th e  SH c o n te n ts  and th e  q u a l i t y  o f  raw m i l k .  There appears t o  
be a la c k  o f  i n f o r m a t io n  on th e  e f f e c t  o f  S H - le v e l  on th e  f l a v o u r  and 
odour o f  p a s te u r iz e d  m i l k .  In  r e l a t i o n  t o  UHT m i l k  Shipe ^  a_l. [19783 
s ta te d  t h a t  m i l k  w h ich  has been exposed to  135 t o  150°C f o r  s e v e ra l  
seconds e x h i b i t s  a s t r o n g  s u l f u r o u s  o r  cooked odour im m e d ia te ly  a f t e r  
heat t r e a tm e n t ,  b u t  a f t e r  s e v e r a l  days o f  r e f r i g e r a t e d  s to ra g e ,  th e  
su lp hu ro us  odour d is s ip a t e s  and a r i c h  o r  heated odour i s  p e r c e p t i b le .
CONCLUSIONS
1 . The r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  showed t h a t  th e  m ic r o b io lo g i c a l  
coun ts  [ t o t a l  c o lo n y  c o u n t ,  c o l i f o r m ,  p s y c h r o t r o p h ic ,  l i p o l y t i c ,  
p r o t e o l y t i c ,  t h e rm o d u r ic )  c o r r e la t e d  p o s i t i v e l y  w i t h  each o th e r  and 
n e g a t i v e ly  w i t h  th e  appearance , odou r,  f l a v o u r  and t o t a l  sco res  
o f  th e  m i l k .
2. I t  i s  conc luded  t h a t  th e  c o r r e l a t i o n  c o e f f i c i e n t  between th e  q u a l i t y  
assessments o f  raw and p a s te u r iz e d  m i l k ,  th e  m ic r o b io lo g i c a l  coun ts
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and th e  chem ica l a n a ly s is  showed d i f f e r e n t  degrees o f  s ig n i f i c a n c e  
Cp < 0 .0 5 ,  p < 0 .0 1 ,  p < 0 .0 0 1 ) .  The e f f e c t  o f  d i f f e r e n t  
o rgan ism s on f l a v o u r  d e fe c ts  was d iscu ssed  i n  C hap te r  Four .
3. No s i g n i f i c a n t  c o r r e l a t i o n  was found  in  th e  f r e e  s u lp h y d r y l  groups 
o f  th e  raw m i lk s  s to re d  a t  2°C and 6°C f o r  up t o  7 days w i th  the  
odou r and th e  f l a v o u r  o f  th e  raw m i l k .  The f r e e  s u lp h y d r y l  groups 
f o r  p a s te u r iz e d  m i lk s  produced f ro m  th e  c o r re s p o n d in g  raw m i l k  gave 
a s i g n i f i c a n t  c o r r e l a t i o n  Cp < 0 .0 5 )  w i t h  th e  f l a v o u r  o f  th e  m i l k s .
as
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